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ABSTRACT 

This publicat'iofl contains the proceedings of a 
workshop held in Ann Arbor., Michigan to identify the priority Great 
Lakes environmental research initiatives. The fiv^ mjajor objectives 
of the workshop include the determination of research initiatives, 
opportunities for university research comaunities to discuss and 
recommend future research initiatives, consideration of United 
States-Canadian joint research initiatives, identification of logical 
follow-up research, and exploration of priority needs of major users. 
Topics included in the discussions are water movements; simulations 
of aquatic ecology; Great Lakes dynamics, scale, and water levels and 
flows; water quality; and l^ke-atmosphere boundary layer processes. 
Two appendices at the end of the publication include listings of the 
work group membership and of workshop attendees. (MA) 
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r<:co?»end, or endorst^^any proprietary product or proprietary 
-aaterial oentioned In this publication. So reference shall 
be aade to tiie Enyif onsent al Resea rch Laboratories or to thi$ 
publication furnished by the EnvironoenC^ Research Labora- 
tories in any advertising or sales pronotion which would In- 
dicate or ippiy that the Environmental Research Laboratories 
approve, feoownend, or endorse any proprietary prodycc or 
-proprietary rvit^rial nentionetl herein, or which has as its 
pdrpo:>t? an jr/.ei<L to cause directly or indirectly the adver- 
tised product to be used or purchased because of this Envi- 
ronmental Research Laboratories publication.^ 



^ FOREVORD ^ 

A workshop was held October 10-11, 1974, at the Great Laked^ Environ- 
Bental Research Laboratory XGLERL) of tlie Katlonal Oceanic and Ataospheric 
Adalnlstration (N'OAA) in Ann Arbor, Michigan, to identify future priority Great 
Lakes environaentai research initiatives for GLERL. The International Field 
Year ^ov the^Great L.arkes (IFYGL), an ongoing najor nultidisciplinary research 
initiative for which KOAA has lead agency responsibility, has coopleted Vhe 
data collection phase; research, analysis, and simulation will continue u\til 
approkinately June 1977. The lollovlng question thus becoaes tinely: Vhat\ 
Great I^kes environser^al researcn^ould be pursued by GLERL as a follow-on 
initiative to IFYGL on an in-house anoicontract ba^is^ through nultiagency 
coordination, and with a possibility fof joint United St«rtes-Canadian parj^ici- 
pation? 

Central to the GLERL aisslon is the developraent of improved caethods of 
environmental simulation and prediction in its broadest sense. Several sugges- 
tions have been nade for future GLERL research initiatives *which invoke data 
collection, analysis, and modeling of nearshore environmental .dynaajcs, near- 
shore and lake-scale wator movemejits, aquatic ecology, environmental dyn^ics 
of l^ke Michigan; Great Lakes water lev^els, flows In connecting river^, and 
flooding. Deliberation needs to be given to these and other subjects to arrive 
at the mdst pertinent research priorities both from tlie scientific viewp^^j^' 
and from the aspect of environmental information to support Greats-Lakes research 
manag"feaent. ■ , \ " 

The workshop was convened for the following purposes: 

(1) Tch Identify future Great Lakes environmental research initiatives 
(i.e., major research programs of the multimiilion dollar, 3- to 5- 

• year duration Variety — beyx>nd the normal GLERL resource) required 

to provide a satisfactory state-of-the-art In environmental\sinula- 
c,ion and prediction to support the decision process for 'Gtea\ Lakes 
jctlvities. 

(2) To provide the university research community an opportunity to\ 
discu^ and recommend future Great Lakes -enviEOnmental research\ 
initiatives. ^ . .y 

-(3) To consider possible United States-Canadian joint research initiatives. 

(4) ' To identify logical"»research follow-ons to IFSfGL. \ 

(5) To provide background for subsl^qucnt development of a preliniin''ary ^ * 
research plan by the GLERL staff. This plan will be coordinated 

with other agencies 'aj appropriate to consider joint research 
initiatives. The ensuing GLERL program document will'^eysuboitted 
through NOAA channels for support in the FY 77 budget. /^(3 
^he workshop tormdt included a plenary session wJLth perspectives and 
etructured tesponse' in eight fields followed by five work group sessions and 



a final plen,ry hc^.it. ihc .principal speakers in the plenary openins sessl^ 
took stock of the ac:oe:pHshr.ents <ind deficieocies of Great Lakes environnep^i 
research in inci as well in other research programs or projects in o^er 
to set the sta^e for the .vorr.b:u5p discussion sessions. Of concern iy^at has 
been learned and u^.t ^re-the proper Scientific questions that shou;^^ be asked, 
what reseir.h^v^biectivcs ire ncru logic.U and vhat achievable pr/ucts can be ^ 
defined to r^''" t^^c objectives, of concern also are the us^ needs for 
envirdnnent^ ^dirr^tUn, Tne r^^sponders eir^ier presente^heir vi^s on the 
topic to e<p%r tho perspc-ctive gi^en by the principal s/aker and/or reviewed 
5,aJor point> raiied bv the prmcipil speaker. VithtX^ background provided in . 
the plenar^- session, "the icdivl^dual work groups d^ussed and identified - 
research inltiitives in terns of the following suidelines: ^ .^^^^ 

(ly M<^^-^^thu nt^t4->-oi--therart of simulation and prediction and identify / 

Che rese^r-h required to further it. 
(2) Discuss iri'GL and other research ptvgraia's/projects in teras ^f research 
,,rro-jplishnents, deficiencies, and the logical next research step. 7 
. (3) Identify saiencific questions, objectives, and products. 
(4) Identify user needs for -ioproved environmental information. 
O) i^tt^yriXl/ consider methods of approach related to the research 
sequence (dat.j . callection . analysis, modeling, evaluation). 
Each' work group developed d priority listing of rccociiaendations which was 
presented <it the fmal plenary session for discussion and reached consensus 
on a coordinated Ui>ting of priority research initiatives. 
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^--mSomrcrioN ' E**. "Si *Auber t 

, Welcone to this workshop »at the Great Lakes Environmental Research Labora- 
tory (GLERL)* We are the newest research coraponenC of the National Oceanic and 
Atmospheric Administration (NOAA) Environmental Research Laboratories. We plan 
to have a workshop proceedings; that Is why a tape recorder Is being used. We 
felt it might not be reasonable to ask all the speakers to cone with manuscripts, 
so our ^lan Is ,to record and tiranscrlbe the workshop. Proceedings will then 
be published for limited distribution. The proceedings vlll be primarily for 
the attendees and ^fe therefore viewed as a working document. I would like to 
express qippreciation to several, pedple in GLERL who have participated in ♦ 
organizing— frh±y--workShop up to this point. I would like to acknowledge 
Art Plnsak, who has been ray deputy on this; 'Bob Braralet, my Administrative 
Officer, who has solved many logistJics problems; Marlene Hein and Jean Grasso, 
who helped register you; and Dave Norton and Steve Berraick, who are assisting 
with, projection aOd r^ecording. Many others are also involved. 

1 have identified five objectives for this workshop. The first objective' 
is to determine future Great Lakes environmental research initiatives. Many of 
us have been* involved in the International Field year for the, Great Lakes 
(IFYGL), and although IFYGL 'is not yet completed, it is desirable at this point 
to take stock of what we have accOrapllstted both in IFYGL and In other Great 
Lakes r.esearch Investigations that we expect to complete in Che near term. 
, Then we can look at where to go from here. I frequently use the word simulation 
iii the program outline. The word is used in a broad sense to represent the end 
product of a sequence of research endeavors involving both field and laboratory 
observations, analysis to organize the information and to better understand the 
process and phenomena, and sltnulation to organize" this information in a predic- 
tive model. A predictive or simulation model ma^ be theoretical or numerical. 

feedback mechanism exists in this research sequence and requires many feed- 
bai k loops. Modeiing is part of the learning process, and as I view It, the 
simulation or prediction precision represents the state-of-the-art for the 
"environmental science involved. 4 If we simulate or predict poorly,^ we do not 
understand very well. , 
The second objective Is to provide the university research community an 
opportunity to discuss and recommend future Great Lakes environire^tal research 
initiatives. We do plan, as a result of this workshop, to prepare an InitMativj 
for the budget process through this Laboratory. 

The third objective is tL. consider possible United States-Canadian Joint 
ifesearch initiatives. Recognizing that the International boundary riins down 
the middle of fovi the Great Lakes, one tnus^ , if one plans to undertake a 
lake-*«cale investigation, recognize that advantages may exist for a Joint 
United States-Canadian research program. All initiatives, however, need not 
*be lake-scale. Likewise, one major lake is in the United States. 
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The fourth objective i« to identify logical follow-on research to IFYGL, 

an^ the fifth objective "is to explore priority research needs of some of the 

major KOAA users, such ^s Sea Grant, Office of Coastal Zone Management, and the 

National Weather Service. In other words, as X see the scope of this workshop 

and the scope of this, Laboratory , some of our environmental research is to 

^ / ^ ' ' 

support NOAA users, tt Is. postulated that a suitable Joint research effort 

between GLE^ and these usprs would Improve the total NOAA environmental pro- 

duct, We visualise the program of GLERL as a joint in-house and grant or 

contract venture^ rather than solely an In-house effort^ 

The attendees a*tahis Jseeting fall into two groups: people from NOAA «n(^ 
Great Lakes res^rcli^j^ from universitio« and private inalti^utions. GLERL has 
a large representation at this workshop. The following NOAA units are^lso 
represented: Environmental Monitoring and Prediction, Marine Resources, Sea 
Grant, Coastal Zone Management, the National Weather Service, and the Environ- 
mental Rese£irch Laboratories. 

The workshop will start off in plenary session, which will continue 
through this afternoon. Work group sessions will convene this evening and 
will continue in the morning. We will then reconvene in plenary session 
tomorrow .afternoon to hear the major* points and reconmendations of each work- 
shop group. Workshop sessions will not be recorded on tape. The summary of 
the recommendations presented in plenary session and the discussions which 
follou'will be recorded. 

The first plenary session has been structured to give perspective to the 
workshop. If you look closely at the program, you will see that all the topics 
in the plenary session today line up with the work group sessions. Item l.^, 
the View of IFYGL Research, and item 1.7, Simulation of Environmental Dynamics 
of the Great Lakes, both are background for the Environmental Dynamics work 
group session. Two topics also back up the Water Movements wofk group session: 
items 1.2 and l.A, Simulation of Lake Scale and Nearshore Cirt^ulation, 
respectively. Likewise, two topics provide background for th<^ Aquatic Ecology 
and. Water Quality w^rk group; they are designated i/nder those titles. 
Simulation Is being used in the broad sense I described earlier. One plenary 
session topic lines up with each of the work group sessions on Lake-Atmosphere 

Interactions and on Water Levels and FlPws. 1 view simulation nwdellng as 

/ 

the research process which organizes all the knowledge gained from observation 
and analysis into a predictive framework. Simulation is the end product, 
although the ability to simulate requires the complete \esearch process. 



1. PERSPECTIVES OF GREAT LAKES RESEARCH ' , <j \ 

1.1 View of IFYGL Research - C. H. Mortimer , 

What have we l«irned and where do we go frora^ere? It Is really too 
early to say what we have learned from IFYGL. "*T*tSs^re just beginning to look 
ot some of the results, but planning must go on and bu^gctar>y plannllig must 
be done seyerajl years ahead of time; this meeting Is therefore timely. But, 
^ In order to^cut the speeches and get to the debate, I have prepared a handout 
(table 1) which is by no ^.raeans comprehensive. There are others here who can, 
of course, go back loto the history of IFYGL wh(?n It was a gleam In the eyes 
of the, founding fathers of the steering committee. Dr. Chandler Is In a much 
better position than I to tell you about that, t joined at a much later sta^e, " 
with the Water Movements working group. • 

Thq IFYGL program was in many ways unique In that it was the first large- 
V scale attempt to study the physical limnology of the Great Lakes. The major 
institutions on both sides of border took part; six research vessels, a 
number of ^m*iller craft, and over 600 scientists find tcclanlclans fi'bm both 
sides of the border were Involved. So, on the Great Lakes scale at least, It 
was "big science." It started ^pr a component of the Int ernational' Hydrological 
J^^DeCade^prograra and therefore hydrology had an important role. Meteorologists 
* ^ane int)?-4he program early aifd plityed a great part In It. I am not competent* , 
^ to spoak of the results In that field, but' I am sure j{hers will do so. 

Then, at a fairly late stige, resulting from proposals some of us 
Aide at a meeting of the^ International Association 'or Great takes 
Ri^ctrrli, liiolog^.irJ tl'enlstry -Je/e addtd. Of vohr&^s IFYJ^L, like many such 
large scientific^ projects, had the task of selling* the programs to governments. 
Th^ pre<3ent e of a water quality Component hftlpfed, but it was also Significant 
thai thli- was ajj important attempt to weld the prograni in physical limnology 
to biology and * henistry and to bring the principal users into the picture at 
the beginning of planning. 

Tible 1 lists a nurtber of themes. It is not complete, and I am sure 
others will be idded. ^ 

How are we going to measure the progress of IFYGL? I believe progress 
will be measurable mainly in three main categories listed as columns I, II» and 
III. As^thls workshop continues, I. hope you will be able to fill in some of 
these columns — they are left blank *^t the moment. It is a game vou can play as 
•^^he vi^rkshop proceeds. Column I lists progress in estimating known effects or 
b'ptcvr estimatpi* of things have known already but need tq know with a greater 
precision. Column II relates to new dlstovorics or improved, understanding of 
operating nechanUms, and column III, already referred tp by Gene Aubert, 
relates to predictive modeling capability which environmental management needs 
and Is willing t,^^a)^^r. ; 
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Table 1. Pisygreso in Acconptish^ent of 


IpyciL ^Objectivee 




IFYGL JHE>!i:S 




PROGRESS IN- 




I. Estlcat 
ing known 

effects 




II. Discovery III. Pre- 
or improved dictivc 
understanding ccdeling 
of mechar.lsns capability 




Water <^iaiicy: 

Ca) In basin; Inflow, out- 

.flow; evaporation — ' _ . 
X methods conpared » » . 
(b) in air mass 


Energy fluxes in and between air 
and water. Lake heat^budget 








* <T 

Air motions: air/water 
~. i^t^ractior.s, *'*M 




^ V 




Water notions: 

(a) "'' surface waves - short 

- long, 
**M 

(b) internal waves - short 

- long, 
**M 

(c) currents — whole-basin / 
circulation patterns, 

**M; ncarshore patterns 

(d) diffusion ana dispersal 




Y" 

f 




r;.ni3iont t^i .It it ^^i. ' n.i Vv>uis 








. rr- * ■ -r ' 

Water qjality: inputs avC oxcpanijps ■ ^ 
cf dl^toivo' -v^te<cLl> - rjtrUnti, 

- rc^in^ 

1_ ^— 








Biolojilra^ scu*!!'^;: 
(^5 .;i.r\eys 
Cb) dynamics, *,*M 




J 


i 


' f ' 

* on a var^rtv .pa^c <\r\d tint 'icaia^-. 
**M, sabstanclnl nodel'^i effort a- tempted. 
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The first theae Is wjter Quantity, i.e., basin inflow, outflov, and evapo- 
ration cstioated by various nethods. What was atteapted was a large-scale 
Lake Hefner experinent. In the classic experioent on Lake Hefner, the water 
budget and entirjy budget methods were used to provide estimates of evaporation, 
that Important but t?sually ill-defined tern in the water balance equation. 
It will be interesting to see how auch further progress has been taadc as a ^ 
result of the IFYGL work. My guess is th<4^ we can put a snail plus in coluan 
I there. Others will be talking about the atteipt to estioate water quantity 
in the air mass. 

A lot of effort, was put into another theoe, energy fluxes in and between 
ait and water. Most of the ship time was taken up in measuring thermal 
structure of the lake and its changes with time. It will be interesting to 
see how auch closer those estimates are and how much further we have proceeded 
beyond Swcers* (1969)^ summary of knowledge of Lake Ontario heat budgets, 
published before IFYGL started. My own guess here is that we shall be able 
to put a "^aall plus under column I, a query in column II, and a sm^ll plus 
under rolonn III because an improved estimate,, of course, gives improved 
predictive modeling capability. My strategy in making such Sweeping and 
4Certa*inly debatable statements is to generate discussion. If I may insert a 
conclusion from later remarks on "Where Do We Go From Hdre," I believe that 
future investigation should concentrate on the dynamics of key mechanisms, 
rather th.Ki repeating the use of research vesselsr for large-scale surveying 
of quantities that we know already to a fair degree of accuracy. 

Lwill touch briefly on the remaining headings in table 1. Where substan- 
tial modeling efforts were attempted, I have inserted **M. ^ 

Water motions fall into various classes (fepending on the space and time 
scales that were considered; there were programs on short surface waves, long 
surface waves, and seiches and associated modeling efforts which were qui^e 
successful. There have been a number of notable advances, for example, ofi 
D. B. Rao's normal node analyses and Paul Hanblin » treatment. A good setl of 

( a . j ^ 

water level me^isurenepts is available for ver^if i<:ation, and new results con- 
cerning both the gravitational and rotational modes of Lalce Ontario have been 
obt.idnod. A large set of observations of internal waves, bo&h short and lojng^ 
\rns ruide Uciinft several instruments^ p*^t4^cularly Farrell Boyc^*s thermistor 
<,hain and the undulaftlng transducers that we towed from the research. vessels . 
Analysis has only begun, but some of the piJtterns are beginfiing to emerge. I 
believe these will be focused more clearly when we recognize the episodic 
n.jturc of the forcing functions. We can auLj^eady put a small plus In column II • 
Hs a result«of the discovery of internal surges on the upwelllng fronts. 



Sweers, H. E. (1969), Structure, dynamics and chemistry of Lake CTntario, 
Marij^l^riences Bi*anch, Department of Energy, Mines and Resources, 
Ottawa*, Canada, Manudcviptf F^port No.»10, 227 pp» 



Whole-basin circulation p«itterns have been successfully xaodeled (Bennett, 
Sisons), warranting large pluses in colucns II and III. Another strong featur^ 
of the IFYGL progran was the att^ntJK^aid to coastal circulation and coastal 
currents through the setting up of coastal chains both on the Canadian side 
and on the United States side under the respective leadership of Profs. I 
Csanady and Scott. They will present sone of the initial results, so little 
needs to be said here. I predi<ft that we shall be able to log soae large 
pluses in coluTOTs II and III.* ^ 

, The work done on diffusion and dispersal "^y^Murthy^ Kollenberg, ^Csan. 
and colleagues has provi<^ed such Inproved estimates of the horizontal and 
vertical dispersion and diffusion cbtff icients. Therefore I believe that^all 
three colucns will register pluses. " 

Deep lake sedicents were not studied in detail under the IFYGL prograa, 
although there was scne work, particularly at Canada Centre for Inland Waters 
(CCfW) , in sedlnenc distribution and injtuts. Water quality and biological 
studies were added to the progran at a later stage, and these will be reviewed 
later in this workshop. For these I believe ve can insert pluses in colusn I 
now, perhaps a plus in column II later, and in due coJ^^ a plus in colunn III. 

"Where to Fron Here" is the ggj^n thecae of thi5 workshop and I have nade ^ 
a few suggestions of ny own on Cable 2. You n>ay wish to scan first the 
oaterial at the top and then go to the "Preparatory Work in Advance- of 
New Field Programs." 

If I may expand a little on some of the points sursnarlzcd above, I dake 
strong plea for thorough analysis of the IffCL findings to exploit f uIJLA the 
investment. We all know of examples where this was not done becaus^ fund^ 
dried up after the field work was completed. For example, consider a 
$13 million progran on the Great Lakes just over 10 years ago. Few results 
have been published; others are still in Ifmbo; grq^t efforts have largely 
been dissij^ated* That, I sincerely hope, will not happen to IFYGL. 
Therefore, . we should strongly press for thorough digestion and exploitation 
of the prepent findings, if only because we can take steps forward on their 
foundation. ' « 

My second^plea is for "prior modeling," i.e., taodeiing before the experi- . 
ment is designed^ Wc had this in mind during IFYGL planning, but we did not 
have time or funds to do it. • * 

My third plea is for prior instrument development and reliability testing. 
IFYGL ha*, had its successes and Its failures. Perhaps we do not want to dwell 
on the failures, except to learn from them. On the U.S. side, the planning of 
water movement^ instrumentation left a great deal to He desired. Instrumenta- 
tion requirements were considered ])y the water movements panels the. design 
plans were not. The s^ientist^should have made a recommendation to whether 
the adopted^ real-time tel*^^try was worth the additional cost. In the end. 
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Tarlrj 2. Selected Future Lines of Fesearch Includir^ }4odeli>'^ 



\. Vertical ao^lons and structure. --alr/v3ter interactions; vertttal fluxes »' 
of noaentua and heat (buoyancy), two- and three-diaensional nodeliag of 
' theraocline history. 

2. Horizontal notion^ and dispersal — scales and secl^aiiisns; horizontal 
shear effects (see 3, which folla,/s). , 

3. Inshore/offshore exchanges and partition of energy -'cechanlcs of upwell- 
ing and subsequent whole-basin' responses; shore-trapped long waves; 

' generation and decay of nearshore currents. 
^ . Assenblv and critical review of all available. chepical.^pd bioloRical data 
for the purpose of oodel testing, oodel development, and design of 
effective long-terra aonltorlng strategies. ' ' ■ • 

Preparatory Work in Advance of Nev Field Prograni 

1. ■ Thorough analysis of present IFTGL findings to exploit fully previous^ 

investment. .* ' 

2. Prior nodeling to focus on key questions and to improve design^ of 
experimental prograns along Che selected research lines. 

3. Prior instruaent developaent and extensive reliability testing , under 
rigorous field conditions, designed to provide answ€lrs to key questions 
identified under 2, above. ' 

^. Encourage interagency and Interinstltutional planiiing to optiaize use of 
research platfonas and funds ^ 

little ube was'ca^ie ^ this feature. Also, as is so often the case, what 
appear to be snail details of design and seananshi^ can largely deterair^e 
success or failure. For exanplc, during 17YCL*, It was not possible to change 
tne gas cyiinderb on*the Texas* Instrument buoys ^4. rougn ;*eather because 
the buoy casing was awasn. Breakdowns, coupled witki a 3v/-f)our limit in the ^ 
backup tape, led^ to' considerable loss of data during particularly 
interesting episodes^ Standard^ well-tried, self-contained Instruments of 
conventional design used by CCIW were cjO're <>uccessful. 
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My final plea i* toz intera)?encv and mterlnscltutlonal planning of the 
ktnd we are starting toJav. hc oust recognize thac a nuobcr of agencies, , 
' on the l.S. side at least, are developing plans for Great Lakes research on 
rather <» large scale. Although they have different alas and olssions, each 
agency ib looking to a binilar tvpe of lake research , to answer particular 
questions. Tnerefore, m order to obtain oaxiaun benetit froa expenditure of 
the federal dollar, coordination ii> called for. ^ 



0 

1.1.x Response - D.^C. Ch4indl<fr 

In an overview of the IFYGL prograst it seens Co se there are two 

categories of benefits der-Ved froa that experience: (l) direct and concrete 

gains'ln the forn of scientific data and technological advancements and, 

(2) Indlrc' t and intangible benefits m tic forn of attitudes, viewpoint, and 

general philosophy about the Greic Lakes. ' 

The first c^tegorv has been buaojri^ed by Dr. Moftizier urd tbe remainder . 

of the da/ will he given over to i discussion of specific and detailed 

sciertlflc gains. Therefore, I will con'flne h-ricf renarks to the second 

category— 'imdirec* and intinglhlj b'>ne^*r<5. * 

I feel thit -.he IP-'GI. jr'-T/n Influer.-od the attlrcde, 2nd 7le\-polnt8 

of Great Uik.^t. invej«t'g«itors in rinv wav-*, but I wlll,co"*ri?nt or o^jy fc»i- » 

a'ipects for the saU^' brevi'-y: 
, (1> It was the first swccessf^.! atter pt at 3 nultidis-cipllnary study of a 

Great Lake vith special enphasis on the total systea (biological, chcnlcal, 
and phvfiival processes and phenoaena oi the lake water and the inter- 
actions of the water wl>h its ataospheric and geologic boundaries). The 
cocaponents or elements of the progran Were not necessarily original or 
iaaginativc, but rather they consisted of current procedures., nethods, 
and techno-l-ogy. Mowe\/fer t,^4£nonst rated without question 'the advantages 
' of this approach over the result of individual or snail group effort. 

(2) It denonst rated that the Great'-lakes are nesoscale aquatic systens, 
requiring the application of oceanographic nethods, cquipnent, design of 
field study, nanagement procedures, and level of funding in the conduct 
of research. It further demonstrated the feasibilitv and desirability of 
nultiple ship synoptic covef^ge of the lakes. 

(3) It also enphasized the icport-^nce of an international cooperative effort 
- involving governncnt agencies, ^Industry , and ac.idcnic institutions.^ No 

swingle organization possess the total papabilj^ies to study adequately 
V the Great L^ikcs as a total systen. » ^ 

(4) It created an opportunity for many interested scientists .to becopc 
involved in a way totally closed to individuals or snail groups. ^ 
As one W^io has been involved in Great Lake't /cscarrh for more than three 

docadt»s, I grc.itly impressed by the present-day wide acceptance, anong Great 
Lakes. researchers, of the nultidiscipl inary , cooperative approach to Great L/»kcs 
investigations. Prior to the field year, the/ predo^ninant attitlb-dc anong the 
ac.idenir scientific coranunity was ohe of emphasis orr individual effort with con- 
plete frce<*oni to pursue a spiacif'ic problcn which required low levels of^fund^ng. 
The field year progran afforded an opportunity for the first tinse for academic 
scientists to parttcii^itc i^ a cooperative eff£>rt involving thcir specific in- 
terests and with higher levels of funding. I believe these scientlats are In a 
fayorqble nood to continue this kind of involveraenr , and I sincerely hope that ^ 
^n the^near future another multidiscipllnary cooperative Groat Lakes l^rograra wiU 
be launched. It is to be hoped that such a progran would build on the experience'" 
of the field year by avold(ing the mistakes of that effort and strengthening the 
ateas <ff success. * ' . , ^ 
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l.Ul Response - K Au^M^rt 

I viU give J britf uvvr/ivw oi IFTGL. The pOlnt has teen aade that a 
lot of analysis r»wt still b« ac^onpl ished. The IFYCL schedule Includes plans 
to (.on: inue .cbe inCL intjlvsis pha:*e until 1977. It is desirable to give 
Oc'rsp»A t i.r ft- :'".»,•' rr^ei** ^ - . -7> 1 1 - urienC'^ ind dof i * lenc ies , although I 
rc>.og.ni2e tmr 'sv pc-spc n ive is mjoBpU^te. IfYGI. is so broad that I doubt 
cirtvont', Proto^^or ^'or^ :-fr exvt-ptt^d, .in deqmteU define all the IFYGL najor 
jic;or,pI i!>5c:v'nt^ .t.J dtti ica-iei. I suggt-st three questions or obje-ctlyes 
fo'r future rehear m, " ose o^je'tives ire United, P-trt icipants will have 
future research ide<3S 'o sii/,k,K'^,^ for consideration mo discussion in this 
♦/ork-shop. 

'iFYU addrt'ssed Like Ontario and the OnCarlo Basin (fig. 1). At the tiae 
of r^is vorrshop, neir t'jf 'iV.d of 1974, ve have cocapleted the first four 
s. Pedaled a. tivitles (: iWe 3) and the data canageaent-archive generation Is 
nearing conpletion. A l^rgc dat.i base Is being generated in both the United 
St ites and Caiuido^ Several years, resiin ift the analysis phase. We anticipate 
-^.tny nore 'resul-'- fro•^^MlL research unaly&is phase than what we have 
ic<_o'^pl I<j?ied t/ this point. ^ 



ACTIvm' 
Develop technical plan » 
Prepare for field progr j'^ ' 
n*-'ld ^"ear operitions 
EnginetTlng, le^t^and data 

system conp irlson.s 
Dati Tianagenent -archive 
Analvsi-? 



1971 



1972 



1973 



1974 



1975 



1976 



1977 



Table i is an overview of the IFYGL . sc lent if ic objectives and projects. 
Eight d'ifft;rent niajor projects address thes<J three objectives. 



SCIENTIFIC objp:ctivp:s 

To determine iarge- 
^^'.ilc pro^.'esses . 



Ti> deternino bnall-scalc dis- 
tVibutlon, variability, proresses 

To model liranologfjcal , hy4ro- 
logical, and raeteotrdlogical 
properties J Q 



PROJECTS 
Atmospheric water bal»ice 
Uike heat .balance 
Terrestrial water balance 
Evaporation synthesis 
Materials balance 

Atmospheric boundary Idyer 
Watpr chcriistry and biology 

Atmospheric boundary layer* 
Terrestrial water balance 
Water chemistry and biology 
Water movement 
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Table 5, sho-Js the cujor {)lanned sclefltllflc-technlcal products. 

*^a,\'i* Flan>ied So' entific-Zechniaat Products* 



. Analysis? of budgets— lake » basin, atnosphere ' ^ . 

- Vacer, heat » -naterials * 
. Analysis of natural discrib ; ion and vh-" .v>ility— what 
and why 

Physical quantities, cheat".- concentrations, 
biological properties ^ l 

'. Develop and test Dodels for anaiy^H, 4<jnosLS, ■ * ^ 
prediction an^i siiaulatiorj of interdependent physical, 
ch^Ual, and bidlogical properties 
^ . Reports ^ ' ' * 

irfc^ scifentific reports, articles and agency scientific 
reports, tecrhnical reports on data acquisition systems 

Only a few of these products have been achieved at this time; a^l are antici- 
pated by 1977. Eight raajor IFYGL international Sutmary scientific reports are 
planned for coopletion during 1975, 1976, and 1977. 

Table 6 lists the niajor IFYGL accomplishments and deficiencies aS I see 
then: at this tine. The data collection phase is completed; we had some successes 
and sane failures. A large data archive will result. The natural distribution 
and variability (NDV)' analyses include budgets and small-scale distributions for 
the various projects listed. Little variability analysis will result from the 
chemical and biological program since no suitable data were collected for^this 
purpose. Likewise, little variability analysis will result for mean and e^yV > 
^ansports of chemical constituents. Wifh respect to model research, severalj 
significant efforts are underway and sign^^caot success has been achieved. 
I aia not aware of anv predictive modeling research that is. underway" in the 
nearshorc at this time, but research ^lans may be initiated within tjie next- 
year or so. 'There Is little test anH pvaluariorr-of these ^^^^^^ ^o the 
fict tAat they are relatively rtew. .luo model development oi the physical 

rlrculatlon was perhaps one of the first, and his model is at the most 2 years 
old." His fir^t model has had several \Hirsions. ^ 

With regar'c? to publications, we prepared a proceedings of Che IFYCL 
symposium held at the American Geophysical Union (AGU) meeting In April 197A; 
In April 1973, there were about 20 papers presented at the Great Lakes 
Conference and published in* the International Association for Great Ukes 
Research (lAGLR) Proceedings, In August 1974, there were 5A XHGL papers 
. presented at the Great Lakes'cohferehce, and I would expect that next year 
there^may be even more. 



21 



ERIC 



12 



* ::ahlf' C, imL Acoonptiohnents and VeficU'r^ieo to Date 



Data to 1 lections — cocjplet^i 

Soae sucxeS^s, sooe failures 

Large datSvarchive nearly cooplete ♦ 

Analysis— ndturai distribution and variability 

Budgets 

- Terrestrial water budget, atmospheric water budget, lake 
budget, mss balance * 

Prellninary aaalyses conplete 
SiaaJLl -Scale 

- Water novements and boundary layer ^ 

. Variability analysis partly complete 
Some episode analysis 

- Chenical budget 

. Status of lake surveys nearly complete 

.^tittle variability analysis 

Transpoit ' ^ 

, ^I.l-iCLe varlr^bilicy ^n^ysls 
ModeK. binalaticn ^ 
I'at^r r ovene its ' ^ # 

- /Luke-scale circul^t^.on' 

. . Several cevtflop^ld; Uult^id'tesiins sr.d evaluation 
Nonrshcre circlallon ^ 
Nona developed ^ 
Boundar> layer 
' - Mesoscale phenomena and processes 

Several developed, United testing and evaluaclor 
Chen leal budget 

- Water quality ^ ^ ' 

Several under development, no testing jnd evaluation 
Ecology ^ ^ ' 

. Under developnent» no testing and evaluation . 
Publications ^ 

- . Proceedings of OVnerlcan Geophysical Uoion Symposium 

- Papers for International Association for Great Lakes 
Research Conference (5^) ** - • 
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Sooe ideas for q»»ft,tions or objectives for future research are contained 
in table 7. There ou^hl to be better evaluation o£ lake-scale circulation 
.iiodels. A seconc ilea refers to the nearshore — thore have bten interesting 
studies in'*ir4GL and interesting resL,lts of nearshore phenoniena. We do aot , 
fullv understar.d, nt thlo point, the rauchanisns of the nearshore jet and 
Che trdmsjport ind ex-hangt procet^SwS. fypoth^ses have btfen postulated, biit 
.hey cannot be adequately tested with the dat^ collection in I?YCL. Tne 
^ieristrv ai.d ulologv reseorch wai» a late entrv in IFYCL. A *ot of research 
is u:id'rway, and si^inif i.caiu acclmpli^hnents are anticipated. The checistry 
md biology data collect.ons are, hcwevir, cf insufficient intensity to 
support *v3riabilit> aiial^-ses and detaile^i ecological model developaent. The 
third Iten: oi. tabic 7 recD;x3ends nora intensive chenical and biological 
experineiitax and cwd^ii research focusing on typical nearshore regions. 

.zile 7. '^'U'L^'.'ioKS aid ''Icoctivec f:>v Future Pxs-^ax^h 

\ . ' 
. To Gvalu<«ttr lake-scale circulation n/?del3, 
Dcterr.ine uncerta^inity , refine oodiels 
Apply ctodels to nanigenent questions ^ 

. To deternine vaxitibflity of nearshore circulation 

and materials transport, 

Inprove understanding of processes 

_ Develop and test sinulation model 

/ Apply-^odels to .nianageoent questions 
* / 

, To deternine variability of C and B properties in a typical 

nearshorfe region. 
Develop and test nodels <1-D, 2-D, 3-D) to simulate- 

observed variability 
Apply jTodeis to nanogesient questions 
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1.2 WATER MOVEMENTS; SIMULATION OF LAKE-SCALE aRCL^ATION - J. Bennett 

Prof. MorclnerS outiinv hjd three boxes: estiaacion of knovm effects, 
progress in discovery or inproved un<lerbtanding of mechanisms, and predictive 
/^j|^iJftU9&. capability. While Prtff . Mortiper Is inclined CO give pluse^s inmost 
of these Wxei^, I an more skeptical. I thir^k ve have just .barely scratched 
the surfa^»ri?Vodeling. Mo^t progrt.'.ss so f ir' has been in^ understanding the . 
Qodels, which is .i far crv from understaiKl mg the lakes. I think wo have 
elu.'id.itod quite 'i few of the phvsu il ne/h,iuisn* th-it sliould theoretically 
happen In the lake. hid i fairU fo^g/ view of- s one of them before, for 
example, propagation oi low frequency waves, and I ttunk tht-y have been shown 
theoret i^aliy'and observat lonal Ia* to bo inportant . As far a.s quantitative 
prediction ot these processes , I think ve are still a long way off. The 
aechanisns in the model are probably just being understood now, and it took 
a long time to do thit. ^ 

To give just a brief review of the modeling that did take place in the 
IFYGL program, there were seven nunerical node Is o^ake Ontario. That says- 
♦scpiethmj; il ready. Sone peoole consider ij: undesirable to have this nany; 
ot|u>rs, »ys./lf .ur liided, consider this he<^Uhy ^onpctition in raost cases. ^ 
The nodels h>ve been ny own, Joe Simon's, 'iobuyoshi Baba's, a student at 
Princeton (the Tr.odel was for \}iis thesis).. The thesis was very interesting, 
'ind I think it will turn ou't to be one of the che.ipest contributions to the 
irf<JL proi^ran j^i^e it wis done without anv support fron the program. It is 
the only model I have seen run for th^ Aio\ ui:i^i.i<lon s^-ason. tt :5 c 17- 
level three-ainensional nodel whi( h riinb for 8 nonths at a time losing typical ^ 
winds. Another nodel 1;^ thit d-jveloped by ?andolfo and Jacobs, an ajr-sea . » 
inter Ktion no-iej. Bonhan-Carter and Ihunas of the LniversUv of Rochester 
have developel i rrodel of -the Rochester Bay area. .Thl<; approach has a lot 
of potent la I ind L thin'r it ma\ bf what ^ will be looking for in the future. 
Most of «-he <ippli(^ations on the laKes Involve sfraller scale shore-based 
operations, and the i.niversitv of !io. he|t-r Dodel is th<^ first , step in matching 
a sm.in-snale s>,ore- bfised nodel to a laa>/'-s<- laV^' niodel. Another nodel 
developed m the last .^ouple of velars was David Paskausky's. The other numerical 
nodel-, to maU ,it .onplete, was D, B. Kju's two-layer model. He is usixig it 
to under^t md lati-rnil waves and sei' hes iTi lakes. 

There ar«^ tliis nuraber oi nodels because a lot of models of natural bodies 
< of water ran' be applied to lake Ontario, 

There fti a lot; of aiitivity in numeric 1 1 modeling, but I do not think nost 
of th" progfe.s has been nad« in that .ires. Many amTlyt ical , studies have 
ha<lT»«p:h mor^ '>ffert on the design of the U*YGL experi'nenrs." The simple tvfo- 
Liyer nodel of €?anady, for Instance^ had inorc eff ^f^-t on the design of the 
progr,in than any'k the nurxjrical models. One of tbc weaknesses 'o/ the IHGL 
pro)5ran was that Uvir^' was no thought given to using node^^ to design the 
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4>rograia. Compare th<U to the Mid-Ocean Dynamics Experiment, A workshop was 
hald a year or two before they designed the progran; a group of people got 
together at the National Center for Atcaospheric Research and playecj with 
nimerical and analytical models to design the right observing network for the 
progran and to try to guess what they would measure. In any physical problem, 
it is always a good ided to try to guess what the "results are going to be, even 
if it does not turn out that way. * 

I have n couplQ of fairly concrete suggestions for designing field prog;rans 
First, I do not think the Great Lakes research community should devote much 
effort to developing nutserital technique^ or put* too much emphasis on the 
technical details involved in nodeling. I am not saying that the Great Lakes 
community cann^t^af ford to fund projects that are simply concerned with the 
technical det^alls of oodeling. There is a huge literature in niuaertcal model- 
ing* and mathematical nodeling in other fields which can be used and we just 
cannot add much. There are a lot of well-known te<ihnlques in numerical weather 
predlction^(9uch as matching sm^Il-scale models to latge-scale models) chat 
are not being applied very well to the Gre'at Lakes. 

Technical -details will not be dwelt on because I assume anybody who can 
do nodeling can read those himself. We can ti^^e for granted that most people 

' "5. 

in this room could generate a nm^ricaX raode|';,and I do not consider that 
a big feat anymore. Tlie main dif f IculCy 'wit;h numerical modeling is laclc of* 
Insight into the Great Lakes in order to apply them, and this turns^ out to be 
a very difficult problem. 

To give an example where I think numerical models have some definite 
weaknesses,*! am using Bob Pickett's slide of July temperatures xJuring the IFYGL 
program (fig. 2). The basic features of this temperature distribution have 
been understood for a long time. We do not need IFYGL to tell us, ^ for instance, 
that in July there is a residual pool of cold water^at^the bottpm of the*lake, 
or that the south sh'ore is warmer due to downwelling and perhaps the inflow of 
the Niagara River is quite warn this time of year, or that there is upwelling 
on the north 'side. 

Figure 3 shows the resultant current field in July at*^l5 m depths 
and the dynamic height patterns can be calculated from the temperature field. 
Wli'it is Interesting about them is that the^ seem to be internallyi^sistent. 
There seefis to be- a big' cyclonic circulation of the lake. N^2J/^n ami c height 
method seems to work in estimating the currents. If one did not try tTo predi'ct 
these currents with a model, the explanatioil of a big geostrophic' gyre would be 
quite ^satisfactory. Unfortunately, none of thd models j^ive this. I think 
Ihere is something fundamental going on here that we really do not understand. 
If we have an- understanding bf the mechanics of the models, then they can help 
us understand basic phenomena like this. It is e«itsy in any model to- get East- 
ward flow on tjre south shore, but the trouble is getting the flow to turn 
iiroun^ cKTnd go back west on the nprth shore. As you know, the prevailing, wind ^ 
is ^rom the .west and tends, to drive the flow in shallow water toward the east. 
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"rtic question 1^ , why does the wind ^ot have a bigger effect on the-current? 
If you did not know better, you would say the tenperature pattern, generated 
by heating and wind, produces currents that are essentially in geostrophlc 
^qullibriuia with no other wind effect at all. ' % 

Figure 4 shows a temperature field fron oy caodel for July. ' It is supposed 
to conpare with the jflrst slide. It is not too bad a fit. There nay be soac 
weajtntisses in It, but I see no big problem; warn water Is present on the south 
shore, the bi^ cold* pool Is In the center, and upwelllng occurs along the north- 
west shore. The ^basK )f eature^ are roughly correct. Alnost any taodel can be 
tuned to give a patteri tha^i looks acre or legs like this. 

Figure 5 is the vertically averaged flow. This is streara-function in 
8 3 " 1 ' 
unlt^ of 10 era sec . Instead of having the one big gVre that the observed 

current has, it h.is a relatively large f yc lonic^gvre and also a snaller 
anticyclonlc gyre In the northwest".- 

Figure 6 as a graph of the eastward component of the current. The tabst 
gljrin^» error is near the north shore. It shows all the shore water flowijng 
Toward Che east, and thgse measureraents by Bob Pickett all show the current 
flowing tow ird the west. It is not a natter of the observations cither ^because 
otlier pt'ople have measured current even closer to the north shore at other 
tines of tne^ycir, and they also say that the current on the north shore o^ 
Lake Ontario i:> to the west. This is something we fundaraerttally do not under- 
stand. "However, I still have hope that all these problens can be Ironed 
out with the IFYGL data. I hope that the modeling expertise we have built 
j^pyin tfhe last couple of years will eventually explain most of the IFYGl 
^<,»i>(</i^easurenents. This knowledge can be used to design a new field 



6ir^i that vilf be Jbetter. 




^Vnother suggestion Is that serious thought should be given to 'running at 
^^t one model oper.itionally during any field experiments. This is a sugges- 
tion froTi Joe Sirnon. His argument is that numeViv il weather prediction -fmproved 
when meteorologists had to make a forecast every day. They found out they had 
blundcr<> which h.td to be corrected. It is not' just a matter of saying "We 
predict i Kelvin^wave oyer-^'ln that <;ove; see if you can find it." Operational 
modeling, j.;ould provide discipline for the modelers and a means for continual 
testing of the model. After the field worK modeling can still play an Integral 
role In Interpretation of the results. 

♦ 

X suggest that all the nodellng take place at institutions where data 
analysis la going on; it is helpful to have modeling work hand- in-hand 
with an'i lysis of the observations. 

^ I would aisu suggest th it the nodellng program should retain versatility. 
It should not rely on just one numerical racJdel, #but it should keep many people 
Involved in cjOdeling and the analytical and numerical models should be used 
irf <onjiin<tlon with analysis of obse^rvat Ions. 
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1.2.1 Response - D. B. Rao 

,John Beonett has p&ueoptoa ot ^ru^ractically evt^ry^hlng I wanted to say. 
I basicatiy have to agree with every tiling he said. 

In terns of aodeling, the Grea< Lakciiscocaunity could conveniently use 
aatheoatical techniques derived frota nunerical deteorologiats over the last 
three decades instead of expending efforts on* developing new techniques. 

When we look at numerical models of the Lakes (John Bennett has described 
seven models or so) J they consist basically of two categories: the barotropic 
homogeneous nunerical lake models and the baroclinic numerical aodels where 
barocVinicity is either at fixed levels o* between'movable interfaces. The 
barotropic nodels have been .successfully used over short-tice scales in hind- 
casting studies of store surges priisaxily on the Great Lakes by Georg^e PlatzcCan. 
They have been fairly succesi^ul in reproducing what is observed, and perhaps 
one night say they are ready for operational use. On long tine scales, baro- 
tropic models tan be used to look at seasonal circulation patterns and steady- 
state dynamics. 

Th|p two oost elaborate barocl in ic-n^Jlti level nodels ar^e those of Joe Simons 

of CCIW and John Bennett here. They have been integrated over long time 

periods. Perhaps one can start* using them operationalfy , although I guess you 

cannot put fdrth the infonaation for public use like a wi^ather forecast. 

The models can be run with the idea of understanding. First of all, how • 
* t ' 

close does the model sioulate phenomena that have been found in observations? 

Or naybe new phenonena. can be discovered. These applications should be looked 

.at in terns of analyzing t^e dynanics of the models, rather than comparing 

with observati/jps to see how faithfully ci^rrents and temperatures at a given 

^oint and time can be reproduced. Even though the numericaf model may not 

exactly reproduce some observed features, it still gives information for 

analy;^ing processes in the" lake. Examples are coastal upwellings, nearshore 

processes, or -generation'^of internal waves. Also, things like the importance 

ot nonlinear Jynani.«-ai princesses and interaction btitween coastal and interior 

zon^s of the lake can be understood. t 

The coastal zone is* important, of coufse, from both the biological as 
well as the waste dispersal point of view. Wastes are injected into the coastal 
/ire<ib, and those areas have to be modeled fairly veil. Large-scale numerical 
nodels night give some information on how strong the interaction is between the 
coastal zone and open lake. 

As Dr. Aubcrt said, "How does one go about developing limited-area nunerl" 
cal models whijAi probably do not exist at the moment?" Tn meteorology there are 
linited-arx2a yiodels which use large-s<lale model information. These techniques 
are available. < , ^ 

Finally, 1 feel 3 government ^Astitution like GLERL or perhaps CCIW 
cannot only run models <5n an operational basis, but can see to it that, when 
these models are put together, they are sufficiently general so that djciybody 
can make specific experiments by getting access to these models. This is 
what a g«Tleral cir'culationj model is supposed to be. <« 



1^.2 Response -'R. Plckt-ct • ' . * ^ 

r wapt to cotment on a point John Bennett sade about using, a nuserlcai ^ 
aodel in essentUily an operational -node in a son-of-infGL experiment. , Predlc-^ 
tions would be aade and checked (Turing the field progran. One of the problesis 
in the past was thit several years wete required for data processing. If 
one looks over the Uke-scale studies th4c ?rof. Mortloer nentioned, in each ' 
case soctewhere in the range of 4 to 6 years were required before the data were 
put m a useable fom and before a dat.i report was produced. Prof. Mortiner 
also nentioned that data froQ studies of Huron and Superior were never published. 
S($, at least to ay knowledge, these studies are still unedited recordings on 
fape sonewhere. 

John Bennett also cited the IFTGL data. This Is 1974 and tHose data were 
taken in 1972. We are just now reaching the sta^e where we are integrating and 
editing both countries' data and analyzing the results. That seeas tone to be 
too long. Certainly If future field operations are planned, oore thought should 
be put into how the data can be oade available In a shorter time period. . 

What are sone of the things that can be done? Certainly, we can Cake only 
the d.'ita we need. Kor exaapl^^e took 6- and 10-minute observations In IFYGL 
and calculated hourly averages. I think with (Present technology houaly averag^es 
ran be calculated at the transducers and just the results transmitted. We 
should be able to get the computer in Che process sooner. ,We eould then do 
soae hifeh-spe-ed editing so that observations are iJMediately verified or^hrown 
out. We could display the data over the whole laRe in the nanner of .Che 
illustrations by John Bennett. They were done by using a coapucer-coupled 
cathode ray tube. We could also. If we stage another field year, test our 
analysis and editing procedures be^^re the field work is begun Co make Sure 
they 'are tuned up and working well. That Way we would not go Chrough a 
year of development to come up with procedures' to handle the data after the ^ 

field wore:. ^ % ' - 

Finally, there seens to be a tr^'nd tc put a»st of the efi'oit Into field 
v/<yrk; ohtn p-iople and resources drift avay no that fc-w t're Ir^'^t co crank 
through the long-term proceasii.g. I thi-ik we ^culd do well in plannlhg 
future field walk to k'ep ".oag'; Qifort in Jat.i projeysinjj to uquee/e it 
xfDvrx to -the short.-st ti.^e perUd. Until wc do, thiry is no way of getting 
tlie kin'd o: feedback we n^ed.^ >^ ^'a bump i.Uo qu^sUonable data nov in inTGL, 
ye f.Mmor find out what;, happened. Was th^ current Ircroising or was the 
3eLo( drifting aC this .particular level? \:hit -s the most pfo??able 
explanarioy.? The. field people h.iv^ forgotte.i or gone. 

'Someone once said, >ita Is li^e .rosh aeaf-i. spoils veiyjiuicl.ly." 
We have to cimpre^e the p6rioJ of years tftat it row ti^k'.s to procesu data. 
Oth&r/'lJC we will ne/e- be able to uue numarlcai nodei^ in anything approaching 
operational lacJes. * ' ^ 
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1.3 DISCUSSION ' * 

Aubert .* We arc funning a li^tttc ahead of schedule. Even Chough discussion 
was not planned in this plenary sesslfm, we could entertain discussion f or -about 
10 ninutes. Are there coaacnts on thi9_j)lenar> session up to this point? Do 
I hear any coiytroversial ti^ts? 

Holland . There were two ooncjradixtory recoaraendations nade, I think. , There 
was the cost of this real-tiae business. It would be large ^ but teletaetry is 
necessary. Prof. MorCimer suggested that telenetry was unnecessary in IFYGL 
because there was no real-tine use aade of the d'ata. This is, in ^'ssence, as I 
understand his cosraents. 

.Morttaer . In the water covenent prograa, yes. * 4 

Holland . If one were to go into real-tiae prediction, of course, teleaetry 
would be essential. Also the preparation of the systea would be essential, 
the shaking down of all software, all data processing, editing, and analysis* 
Despite automatic procedures, the staffing would be heavy. During the course 
of the thing, you would have to hacve a tean handling the data, so the cost 
would cert'3inly peak during the operations phase. The cost of darta processing 
and analysis would peak very heavily during the operations itself, rather than 
being ^di8tributed over tine as they are in IFYGL, I think soae of these things 
are essential In order to assure the success of th^ field prograa itself. Part 
of the problem with the IFYGL data is that we did not have test data and 
pxcjcessing procedures in advance of the progran_and had to develop these after 
the observations were taken. Then we face these unknowns. We find that we 
do not have enough information to know exactly v\iat we are doing. There is 
consl3erable merit in the suggestion , just In the interest of guaranteeing a 
successful data collection effort. But I think it has to be understood that 
It is very costly and it introduces a lot of technological uncertainties. 
Maintenance is an exanple. A 30-hour or a 30-day backup recorder cannot be 
relied on to serve this purpose. If the com[auni(;;ations go out, you have had 
it, so nore relia'bllity is needed. Faster trouble shooting is needed and it 
gets to be n much nipre expensive project. 

Bennett . When I suggested 'that a model be run operationally, I did not iniply 
th.it all the observations would be real-time. One can run a small-scale 
nuftericnl piodcl real-tine or he c<in hindcast. Every weekend you could run the ^ 
previous, week with the observed winds, keep track of youc prediction model 
through the field year, and get v^-rif ication data anywhere you wanted to whenfver 
you ^ad an opportunity to keep the model in tune. It is a long way between that 
and re.il-Cirae collection and processing of''data. ' » 

Holland . J. Bennett is probably right. The real-time system nay be quite ex- 
pensive and notf worthwhile^ but there could be a lot of data collecte4 within 
a week or so. If the model were In one i^lg lab like this, the data cpuld be 
used to tune the model on .in unofficial bafels. 
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Aubert ♦ Does anybody ol»e have <^tanents on this point? 1, Holland mentioned y 
several points which in IFSlGL added to this 2-year lag between observation fiae, 
and d«ica availability which R. Pickett referred to. That is, fhe data process- 
ing procedures were not available, developed, and operational prior to the 
start of the field year. Part of the reason for thi^ was that the equlpnent 
was not fully developed and tested before the operational period started. No 
developnentil data base existed on vhich to.-develop the data processing 
procedure^, .The development and testing of data acquisition systems take a 
lot of lead time and this did not exist for sccie of the data systems. The 
systens did not ^e^ist at the tine they were needed for an orderly development. 
This resulted in the lag, and the data processing procedures were developed 
after the fact. 

' J, Bennett, you ntfttioned the desirability of nore Intensive* tfi^sting, I 

guess you are adding the dinension of testing on a routine basis. By routine 
operations, you do not necessarily nean that a newit^egration would be started 
everv day or every 12 hours. Once a week raight be enough. 
Bennett . Yes, even every. 2 weeks could be useful. You would not want too 
^ciany iterations, I-t would be an intellectual exercise nsore than anything. You 
eould send out' the model results for conftent to the field investigators every 
svonth or so and ask whether it agrees with what they saw in the lake or rtot. 
Birchfield, I think that would be particularly useful to view what .goes on 
in a lake. Or it could be look6d at from an episodic point of view because, 
^ i'f a large storm goes by, then some data will hopefully be coming in from some 
aspects of the sto,na that will reflect its passage over the lake. 
Hollartd . J. Bennett was right. *Evef/if a 2-week tine scale is used for 
sinu^ntion, d^ita nust be coning in currently, but this would be a less 
expensive alternative. It certainly costs less to do a 2-week type real-time 
operation than it would to do a day-by-day real-tine operation. But it would 
still be «c sterile exercijse. You would run your models every week or two and 
you would cio^ knov whether Chey haS any correspondence to the Veal world or 
not. This would not be very interesting. So data must be coming in. It 
certainly woul4,be possible to design a scaled down system to decide what 
par meters you w/int-, -rftiat averaging tine you want, how quickly you have to get 
then, and how to size the thing to fU your pocketbook. It might be a month 
instead of a week that you could aff'ord to- handle it in a real-cirae sense. 
Then you could go out in boats, pi^-k up the tapes and process them, and 
check yourv simulations on that kind of time base. 

Baer, Could I ask i very simple-minded question? Ifind all the discission on 
lake-scilc circulation, assuming it wiU be a son-of-IFYCL as I heatd it called, 
of equivalent scale, magnitude, and major activities. Ape ther^ not things 
that need to be done that are not so big? 
^ Aubert. Does somebody want to rise to that question? 
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Mor t Iner . I ^thin-k tl»at will be answered by the end of today or tocaorrow. 
Aubert . Yes» Xs not tha gentiral point of vxtew^,that there should be a ,son- 
of-in'GL. If you >5'tlll have that question at the end of the plenary session, 
it should be 'brought up at a workshop. It is to bo hoped that it will be an- 
swered bv later presentations. 

Mo rt iner . I want to make one point is a kind of footnote. I an ^not against 
real-time telemetrv , and I think soae instruments night be designed tirat way. 
U'hat I urge is that the inst runent*tion debate and decisions should sit right 
in the heart of the scxent if tc* program planning. They shoyld not be dealt 
with by «one distant agency in V.ishington. Success in the end depends on 
Xellable instruments and on bean.inship. For exaraplS* in IFYGL there wa^ little 
aonev to service the Texas Instrument^ buovs. I believe there were only ^o 
sn-ill motor boatJ> based in Rochester, N.Y. They could not operate in rough 
weather; therefore they could not get the propane cylinders onto the buoys 
ijnless the weather, was caln because of Che buoy design. If the buoy broke 
J<(wn, the weather was rough, and the 30-hour backup tape had run out, there 
was n<jthing that could be xlone about It. Of course^ Murphy's Law being what 
It is, Che r.ost active episodes often occurred when the most interesting 
rv*. orders had broken down. Tliere may be justification for real-time telemetry 
on perhaps a limited dumber of instruments, but the information cost is nuch 
loss with self-contained recorders of proven design. Now, having said that, 
I also sav tiMt the instruraent contjr.it tors deserve considerable praise. Theirs 
w«i5 1 new, entry to the oreanographic instrumentation field; when they saw the 
difficulties, they pulled out all the stops to make things work. 
Pinsak . I would like to make one I^olnt to clarify our perspective. Is the 
intrnt to test tlie nodel or to test the data? Fron the trend of discussion^ 
i l>re&»mpt Ion seens to be that the data arc a good as they come in from the 
observing system. This, of course, is not true. If the data do not fit 
tlie nuilel, there would then be a question as^to whether to adjust the nodel or 
to adjust the data. 

Aubert . I think we had better cu^ off the discussion at this point. The _next 
item on the agenda is Water Movements: Nearshore Circulation. The lead talk 
win be given by Dr. G. Csanady of Wpods Hole Oceanographic Institution, 
fol lolled bv responses fron Prof. J. Scott of State University of New York, 
Albany, Prof. C. E. Birchfield of I^ortJiwestern Unlvet'sity, ?ind Prof. 
T. Green of the University of Wisconsin, M«idison. 



WATER KpVEMEJfTS JiEARSHORE CIRCUUTION - 0. Csanady , 
tn Che language cf dynanlcal oceanography, the "coastal boundary layer" 
(CBL) nay be defined as that band of water within which any Eknan drift 
perpendicular to shore reduces to zero. Giyen the presence of stratification, 
frictionless fijiid theory shows the width of Che CBL to be of the order of the 
internal radius of defonaation, the taagnitude of which is in most cases between 
5 and 50 IcnT In the absence of 'stratification , the width of the CBL nay be 
^ expected to be determined by frictional effects. 

The only serious observational studies of the C^ appear to have been 
carried «ut in Lake^ Ontario in connection with IFYGL.' We should note here 
that the CBL extends much further froci shore than the littoral drift zone (LDZ) 
which has been studied extensively^ by civil engineers, geologists, and others. 
Within the LDZ, the monentuin of incoming surface waves iS rectified by diss!- 
'papj.ve processQi^and cxyses a longshore current. The width of this zone is 
fron wav^ breaking depth to shore, or typically a few hundred meters. In what 
follows, wc shall be concerged with the bulk of the CBL which lies outside * . 
the LDZ. 

The IKYGL-related observations have flnaly established a qualitative 
difference between the current regines of the CBL and those vf the deeper, 
.raid-lake region. Within the CBL, observed water movements are mostly shore-; 
parallel and »!'current-like";' outside th« CBL, they vary in direction in a 
periodic manner, being more nearly "wave-like." The IFYGL observations^ supplied 
a detailed description of nedrshore currents and leave no doubt about the 
distinct identity of a CBL. In Lake Ontario, the width of the CBL is of the 
ordcr^of 10_ km. < 

A particularly important consequence of the distinat flow regime in the 
CBL is that pollutants discharged nearshore remain trapped within it for 
prolonged periods. This has been often noted in connection with effluent and 
river. plunes which generally turn shore-parallel after discharge and has been 
docunsented by specific dye diffusion experiments in Lake Huron. 

Linear theoretical models 'of wind-driven flow in a stratified fluid have 
yielded the--toncepts of coastal jet and Kelvin wave. Considering the simplicity 
of these models, they have been remarkably successful in providing an 
intellectural framework for the interpretation of (fBL observations. I ha\{e 
recently compiled a mqre detailed review of the ^hlevements of linear v 
dynamics. ^ 

' An aspect of linear dynamics not completely resolved yet is the precise 
influence of depth x^arlations on depth-integrated flow or "transpor^t In 
shallow water, transport is downwind, while li) deep water, return transport 
occurs— this much is generally agreed upon., However, the precise effects 
of friction and of the earth's rotation on a flow paCCern lefc over from a 
wind impulse remain unclear. ♦ Although the CBL usually lies well within the 
dowmd.nd leg of the topographically controlled transpott gyres, a rotation of 
this- flow pattern, or its rapid spin-down ^y friction, is an Important detcr- 
oinant of CBL behavior. 
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i Some especial ly Interestins nearshore phenomena occur early In the heating 
season during the so-called theraal bar period. IFYGL data provided much 
greater detail on the nearshQre flow structure than available earlier, and these 
could be interpreted in terns ^of dynamical concepts with sotae^^onclusiveness . ^ 

Given 'the distinct identity of'^hc CBL» it is a legitimate conceptual 
model to, 'speak of caass transfer between one black box called "CBL" and anoCheV 
black box called "nid-lake." Fron a jjractical point of view, this particular 
exchange proceso is of evident inportance. Existing- evidence shows that under 
st^tified conditions the flushing of the CBL is associated with onshore^ctff- 4 
shore novenents of a thermal front which is tHe nearsho're upwelled or downwelled 
end of the seasonal thermocline. The structure and behavior of this front is 
known in a gross way and qualitatively, but is poorly Ainderstood. Figures 
7 and 8 show an example of r\earshore upwelling and associated coastal jet 
observed during IFYGL. Linear dynamics indicate large isothena movements near- 
shor§, but the theory is so far Incapable of describing anything but "small" 
Jisplacements J sraall thatsis, compared to equilibrium thermociine depth. A 
particularly difficult feature of this problem is that the lake bot^tom slopes 
d.way from share gently, but quite significantly in the sense that the water 
depth can easily double or triple over the nearshore slanted portioft of an ^ 
upwelled or downwelled thermociine • 

In conne<^on with upwelled or downwelled fronts, one would like to be 
able to answer questions relating to their generation and -^cay, the factors 
which determine how far fron shore an upwelled front (say) stabilizes, or how 
long it takes for such an upwelled front to relax to its horizontal equili* 
brlum position. Also, one would like to li^ow the magnitude of the mass 
exchange betv^een the CBL and mid-lake associated with the development of an 
upwelling, its local disappearance upon thej passage of a wave-Uke front, or 
its eventual frictional decay. These questions involve the effects and 
paroiseterization of turbulent friction iti a strongly statified shear zone, time- 
dependent inertial adjustment to a state of- equilibrium characterized by the 
presence of an inclined front, and finite dtisplacements'^f^^uid columns over 
-~a._^loplng beach, problems all well outride the scope of existing linear theOBy. 

One""&otJsi^derable contribution the Great Lakes community could make to 
u,ceanography wo^'ti be a thorough documentation and understanding of upwelle^ 
ttiermal fronts, tti the Great Lakes, these fronts are not much more than 5 km 
from shore, and the lugi&tics oS s^h ^ir study is comparatively simple, certainly 
in comparison with oceanic fronts more than 160. km from shore near_the 
eastern seaboard of North America or their counterparts in the southern ocean 
thousands of kiioraeters from major oceanographic facilities. The understanding 
of the generation and maintenance of such fronts is a key outstanding problem 
In oceanography. 
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It should also be pointed out that the current state of understanding of 
turbulent friction in the CBi: is unsatisfactory. It is not clear, for exanple, 
how far aonentuo advection by Eknan drift or horizontal xDomentum transfer by 
turbulent eddies are dynanlcally ^nportant in the CBL. One's best current 
guess is that both of these, arc SfiaUa^Hn taagnitude; and both are mwch,1.4«. ^ 
important than oomentum transfer to the bottom by turbulent friction. Without 
further detailed studies, one cannot say whether this is so or unde» what 
conditions it ceas6s to be so. ' 

A probably related prol^len is the explanation of the observed asyiaiaetry 
of "right-hand" and "left-hand" coastal jets (looking downwind). Obseryations 
during IFYGL have shown right-hand Jets produced by either westerly of easterly 
wind impulses to be stronger than left-hand ones. As a corollary, time- 
averaged flow or lake "circulation" have been observed to be cyclonic. 
Right now there are four proposed oechanisms on the niarket purporting to ex- 
. plaia this phenomenon, but none is cocipletely convincing. All explanations 
invoke socie aspect of turbulent friction or of nonlinear motaentuia advection, 
although in quite different ways. This "is a relatively happy situation for. 
planning fur ther -research: We know a phenomenon exists and we have some 
tentative ideas why, the task being to decldd betw^n rival 'theories. 

Theoretical studies of nearshore frlctional effects have suggested the^ 
probable existence of a kind of ''secondary flow" in a vertical plane normal 
"to ihe coast, onshore flow within the top layer being compensated for by off- 
shore ^f low below, or vice versa. Such secondary flow, superimposed on coastal 
lets, could turn out to be of great practical importance in conr^ection with 
pollutant dispersal. Howeve^, we have not so far been able to relate such 
theoretical models very well observation, mainly because of the relative 
crudeness of observations, or more specifically, the poor accuracy With which 
^onshore-off.^hore components of nearshore currents can be determined. Thus, we 
do not know Che magnitude of the parameters that would realistically represent 
turbulent friction. In at \easc some of the extant theoreti^cal work, 
specific assumptions are made regarding the magnitude of the frictional 
parameters, mostly to'the effect that "hori2ontal" eddy viscosities are quite 
Urge.. Wliat little we know about this problem in the Great Lakes does not 
agree wlt^ such an assumption.' A crude analysis of frictional effects, based 
on empirical information on friction in a mixed layer, leads one to very 
different conclusions from what some of the friction dominatdd theories 
would predict. What we clearly need is further fundamental knowledge on 
turbulent friction In the nearshore zone which would enable us to assess the 
probable ^importance of the kind of secondary circulatiorj mentioned above. 

Another point in connection with .the longftem average' lake circulation 
problem already referred to above is tha^t in pollution dispersal problems we 
are concerned with Lagran^ian properties of the flow. In sfmple terms, how 
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doesX given water mass get ftom Niagara to Toronto^ or vice vers*. It is no't 
ccrtalnVhat averaged data froa fixed current oeters tell anything at all 
abtut the^granglan circulation. No long-tern ^Jfperiaents have so far been 
Ca/ried out to detenaine the relationship of Eulerian and Lagrangian average 
■♦eiocities, and we -dannot really firedict where a batch of poUutaSts released 
nearshore voufd end up m a few days. 

in the design of sewage outfalls or water intakes, -^it is necessary to 
nodel the dispersal of, effluents in the Ttearshore zon^. We have sooe infonaa- 
tion on»dif fusion pararaeters, but these have so far not been related to the 
specific flow structure of the coastal zone. The strong coastal jets illuStra 
ted in figures 7 and 8 above are certain to influence nearshore diffusion in 
important ways: When one part of a diffusing batch goes faster than another,^ 
the batch becomes elongated and its dispersal nay be. expected to speed up. 
There is no systematic quantitative information on similar effects. 

Further reflection on a number of the above topics leads one to the con- 
c-lusioji that ^ur greatest current need is for fundaaenftj. understanding of 
various key physical processes operating In the coastal zone. The IFYGL 
observations ^ere designed essentially to elucidate^ the large-scale, lake-wide 
response of lake Ontario to such forcing events rs a luajor stotiti. Thp lesulis 
cf tlT^se observatiofiS lav^ ltd to a satisfactory unaerstanuing of the first- 
order flov pattaru. The next ^tep .s r.ot wore l<jTge-scait* obsexvation, but » 
wcll-focu-scd uxperiniwnL& ained at such f utida.Tieiitai prob^tews as den:.lcy fronts 
and turbulent friction. «' weed a greSt deal cf thought ar.d depth in our 
neict approach; rather thtxu breadt.i and extensive coverage. 
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af^ilpcted the ncarshjre .ircuiatlo 
Siting stualec vhere, jy ]aw, you 



Gabe Csanady taentioneJ V»\perlments In s*,parate scaIe&rV(id I^coupletel/ 
"^^ree. Future cxt>*rim<vit8 should be designed along the lines of his flaal ^ 
.'ea^rks. That is, we should conce.itrate on well- focused experlnents on' ' 
different phengcona. 

W-= dp no: hdVe j11 the rei»ults in f(oa IFTGL, so we cannot really 
dete^tamo all of the Interactions bctwecji scales, dut I have a feellnjj tnat 
scales are goingj to De vtry d.ffLcdlt*to sep»*rate for certain phenoocna. For 
e<anple, Csanady 'showed t.iat lar&e-f,i,alo featuitj an<f wavcs veiy definitely 

ion. Thiols the probjeji in powerplant 
you have cc go out and put up a curr4.nt meter ^ 
tjj obtain a year' or su o; data. You have no idea what is gdng oa in the rest 
of fhe lak2. t^e same sorts of reoiirks ap()ly to' what he said about upvelling 
ai.c dov«TiV6>lling. These are also to t;om^ .extent governed b> features of <he 
large*sc«.le circulation' ' ' ' > 

t,iran\. to .omnent on what socae of the others have said. A lot of those 
coiaacnt* fit tog^th-.r. Flist, 1^1 iff Mortiner's cwmaents about prior instrument 
ievv-lopD'jnt and relTabiliiy testing go ba^k to the Texas Instrument experi^ce. 
Th=y wf.re l.iti In. *uaC€rir.g 'i.e l?Y£^ prograia, an<i there were difficulties in 
!nstrtjireiit devulo^-aent . This Laboratory (CLEftw) couli be Che mechanism for ^ 
'jarl> in&t.*um„jjt pai ka^^e 'tfSwelopnieiit . Perhaps 'IIERL could develop a «et of 
bjslc iii&truiaentaf ion th3t yould be utili.'td in different p ograniS^m'Jch lil^e _ 
CIW dees ripw. CCIV had .i loc of experience w*th their Instrument systems 
■j^fort IFxCL,^ vhertas we did not. However, 1 am not disappointed with sorae of 
thn datif'frcci irYGL. 

Mother zcj^vTt relates zo what Bod Pic'^ctt ^^n<? Tohn B^r.neti said oa 
jty.ts. I ha''u ideas which t think are slightly Jifferent ;ro?i ;helrs. My, 
ideas -ire that Ij^ge shore- bouhded waves nigruLe :/clolilt 6ll> ^ rooufl the 
lak'/. Thviy Cccr/ and a new cvea^ starts. This results ir. that oejn. 
cy loT-ic gyre .basif all> bec-iusc t'.o short-rcm flu tuatlons'are soittef'lrfjs 
Jarger rhan th*- trtear . 

It peo7'le are talking to uach'ot,ei\ a lot of these differences can be 
ironed out; but when we are Sjftparated, we all develop our own ideas. ^ 
Bennett did say chat when raodclers work together ;^ith the data people, better 
results ran be^ achlevi'd . I agree with hin and think that another role of 
this Laboratory could be that of ^getting people together like this more often. 
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I vwrrt to b.n k to so^v'tfUn^;' Clifford Mortlier said when using his* 
table; he gave "pluses" tor ^"ntMrshort* cir. ul.Kion" in colucsn II. Perhaps 
eventually we will Kt'tj,i^ne In colaan 111 when we have aore interaction with 
the aodelers. I an ^:)lp5|fifd he. left uj> out of colunn I because IrYGL did 

reinvent the whetl'^^Jfn T^y^^ase^. TLe nearshcsre eiriulation and ^.oastal ^ 

^^^^ • . 

jets that Csan^id'. predlcpdd^ln sevcril diffei*ent theories Were rediscovered. 

I;i *"\e fiiturtj^wv ~i/ "'•»^4'^^^^'Jv< '-" t ' f long wives that both Mortiser and Csanady 

have been writ/ng ^bout fot'^Tanv vears. Perhaps wt^put a ''tire'* on "whe^" 

of their carl it.^ r^^v^^rk . / , • 

Bob Pii ke^t '^.idv an Lnt^rest point, starting so-'e, disi Ui>slcn wiiich will 

probably continue. It was oji ZUl- oj;e rational ts of real-tire data. This 

interest Ee ver\ nu« h. I put ''vself on the side of "real^tint" ir)fors:ation so 

that ^we can gvt' a qui'.k look at rrsulCs, Ihat was one of the probleay of the 

Texa» Int>trurTent systen. The> w»*r^ at tenpt*ing -to bulldf 3 real-tiae systetr 

. - * > 

in a Siiort anount of duvelopnent tine. We did not achieve the desired result, 

but db. Piikett pointed out » we ^ot the data processing t it^e down fron several 

yt-ars-to ahou^ two. Tl^e Canadians did better wfth the older, more fully tested 

terhni'ques, but real -tine capability has f?orc possibilities for thp future. 

Being able to ^et the data for earlv spot analvsis < an be valuable'if only for 

inslruraent fhfkiag, rtidesiftn of e.xper inent s , and help in nodeling. Another ^ 

thritig this La1>orarorV < probably cjo pretty well would be to develop this^ 

capability. 

My last point relates to wlut Dave Chandler said on whether to undertake 
->n^'ill or hi*; c'perinents. I lean towar<X^iie larj'.e' .oopcrat ^ve prograns thouRh 
nof no' essarily, a^ lar^e as IFYGL., I saw nany in<^irect benefits coring out 
ot the IFYf.b progrin, both from a planning point of viev and fro^ the point 
of" view of the inpacc la the scientific <onnunitv. ^ " 
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1*4.2 Response - G, E. Blrchfleta ^ ; 

First, I want to^nake a general coos^t. It s*eas to ne. thai a slgnf.fl- 
' cant evea^Tn eoVironscntal sclentlhc^ research taken place recently . 

That Is the eStatlishaent of this Laboratory.' It is a reUtively unusual ^ 
event ia :hat -t is 1 scientific Laborat^o^. Ic has, as part of. its prograa, 
scientific objective*. Ir the presfent orientation of the Federal Governnent 
this should be given all possible cncourageaent and support. . - 

For a. second general cooaent, 1 want to rofer to history ,^ar a brief 
aoaent. Ptof. .Mortioer caA' perhaps stiarpen ay nunberS". With regard ^to the 
IFYGL pro^ran, one of the fir^t activities in thfe environaental area vhich had 
sinilarities with the IFYGL objectives Vas the voyage of the H.M.S. Challenger. 
-Ihat started out in 1872, or about 100 years ago. My re%3Son for nentloning 

, 'this is 'that I think the ChalUmer was one ship at sea for 3 or^^ yeirs^ 
involved in collecting the first "ge^nulne and valuable oceartographic data set. 
It ^ioilected pljysical, biological, neteorological , and I think, soipe 
geological inforaation. [l believe It was at least a good 20 years before the 
final volunes of analysis of the HlH.S. Chatter^er's data were published. 
Mn that view, the red line extending toVj977 that Dr. Aubert showed us is for 
6 ships and 600 scientists. We hava an enonaous anouht of data here, and we 
are planning to analyze it In very quick, order. I then ask the question, 
U'tne digltal computer enough to compensate for the difference -in tio^ and 

. scale, to cope with the Jiaount of data we have, and to get what is valuable 
out of the data? ♦ _^ ' 

Going to the specific ^irea, I would first like to say a few words, with » 
tongue in cheek, about John Bennett's ccnnents. It seens to me that all our ' 
'questions should be solved by nunerical' nodels. such as Joe Simon's and 
John Bennett's. They take the full equations ^f motion without dropping any 
terms. They put a lot of resolution in th6 vertical and a lot of resolution 
In the. horizontal, and integrate vith good Initial conditions. Why is not that 
the end of the story? 

As Bennett pointed out, there seems to be something they' do not understand. 
The purpose of repeating that coanent Is to point out that one does not have to^ 
think of aodeling in terns of numerical nc^dels in which you. throw in everything" 

^including the kitchen ^"'^ the scouring pads too. Are we not going to be 

^ able to foraulate large-sLle, semiquantitative nodels of the major processes ^ 
that ar^ going on in the lake due to particular kind^ of forcing? Or 
qualitative models? For example. If- you look at meteorology, you have synoptic- 

, scale models of the Bjerknes school for fronts, ^an we construct a model^of 

' the response of a lake .to surface waves, to the itarotrophic response, and J 
to the currents and thefmoclinal response in a qualitative tranner^ that can be 
understood? Is the problem so difficult that we cannot use a slaple 

, qualitative model of the. response of a stratified lake to a particular typical 
wind forcing? I would say we can and that such models would be.of value. . 
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We «re ooving toward developing such seniqualitative nodels b;^ trying to. identify ^ 
the processes that are Icportant for these Bode;is.^ I would assign, ^hese nodela 
a oase, soaething like synoptic lakfi nodels — synoptic In the'sense that it is 
a qualitative physical nQ4tfl.of circulation, including the coaptal zone. 

Speaking of the coastal zone, I would like Co express sooe /e^Hy seridUs 
reservations about treating thrf coastal "zone as a black box.' Thare are processes 
t hats appear to occur in the coastal zone, but' that are intioat^y related to 
what is going on in the lake' as a vhole. We reall^^ know very little about tht 
exchange processes between tlje coastal zone and the deep water, The.tjieordes of 
coastal flow that Csanady develojied— the baroctinlc and barotrophlc flows— are, 
a's he said, a first approxiaation to the response. However, because of tlje \ 
Character of the observations we have at our disposal, ve are in a ratTher serious 
state of Ignorance. One could ask, are the coastal flows dynamically stable? 
Are th^y baroclinically or barotropically unstable? if t\^^ are, what is the " 
growth tine of disturbances? If the growth tine is ^sufficient , does one really 
have an exchange of cass^with the crfastal zone through such Ifastability? Are 
thes* jets or coastal flows stable over a long tine coQpare<f to, the aveijage 
period in which, cyclones go by? If the tine scales *bh coastal currents are 
long conparod to that period, can we guess that exchange processes have only 
an episodic character when there is a reversal and interruption of the so-called 
coastal flow? 

^ I guess what I am really saying is that we do not have a very good three- 
dlDcnslonal picture of flow in the coastal zone. We have some good and v 
infonaative cross sections of the flow. In the field year we» had about five 
scattered' around a 3,200-kia coastline. To really investigate the coastal zone, 
which is undeniably very inport^nt frca the practical point of vley, sone effort 
is needed to get a three-dinensional picture of tjhe coastal zone* This is 
partlcul^arly true In regard to nixing or exchange of water between the coastal 
zone and deep water. - " i * ^ 

The last thing I want to say Is in a sonewhrft different area that Is not 
appropriate under "coastaj. water movements"; but, in looking over the agenda, 
I find no emphasis on other kinds of coastal processes. In particular, I am" 
thinking of the transport of sand In the shore zone. Very closely relatecj to 
that Is erosion of ^the coagt. IFYCL was not really. Involved in Chat area of 
research, and, it talgKt be sone thing to consider further. 
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1.4,3 Response - r, pT*ii:n " 

I find nyself, in the position of third responder, agreeing with those 

who agree. Thus, I have relative ly< little new to say here, but vlli check of f ^ 

a fjw points. In the first place, I have 'es«ent ially no TFYGL" experience . You 

can look upon this as either a fresh opinion or naivete. Hovever, the Uni-versity 

of Vi!»con$in has been studying cua'?tal curfents> on Lake Superior for a nunber^ 

of.ye.ips, using ships, airtr-ift, and floored Inst ruc:tn<.s ; I speak froa experience 

gathered tnere. Prxrr.arll) I have been, and bi.js is toward, providing 

V ^ 

buij^lng blocks for -sodelen?. 1 also have a il*ef in ite bl.is toward snali-scale 

i * / 

processes. This will certainly show In wfiac I stiy. In cay opinion, available 

theories hav? far outsfrlpped the field vork; we arc re.iliv In nee'd of soe<J • 

detailed fiel<i ■eAper Inenrs » I.e., the dense arrays that Cabe Csanady has been 

talking about . • ' 

Two people hive spoken before ae about the problens of real-^tlne data ^ 

tr unsoission , I agrfee that thl? presegt? « prbblen, but would hate to 

->acr^lce hlgh-f requenry current observations because ot that. We should 

preserve then,,!/ at all possible. I also an syapathetlc ^Ith the problem 

of getting poor, data fron the field. To^e, the onlv way to solve thdt Is for 

the dat.i taker to be the dat.i analyst. Otherwise, people sinrply aXe not 

su t f 1 ^ t en t i v.i t ed , 

, ' r a«r£v<Jith5c^ ir^^ inporlatifr to*i?V'parjte tfte de»^p and coastal scales, 

H<5wever, even if^ the C^ast il ?one » thrre aro various scales, jj. river plune or 

a thern-il *^luKe ha^, s^ly, a 1-km scale. In a sense, that subz|)ne Is 

the most Inportant zone b^jcaul^p It is t.lot>cst tu the *^iore. But its scale Is 

ditferent from thi& lO-krn scife that ve norr.jllv associate with the 

« 

i-oistil zone. S**parating thf-st' sralfift ind t'lieir Interartlcns will take a 

' t . ' ^' 

<itJprG<#f>lngl/ Idri^e , mount of work, I think my a*-tention would be concentrated 

* "-• ' 

'on scales rhit are ev^in' sta^U ler thaa thdse of the toaStal chain mentioned bv 
^others, *I a-r^ Hiking ahoiir th** 200-n to 1-kn ^.v<Je, Here, I think we can 
* .lind s' omI J iki' d:r(, t <->firjt-j'» of iran^porfs due turbul'n<.p. Vilien 

l.)^^ .Jt this tl^-", sir.'ilt iri-- itv is .^rurial, * Ih'Js is unfortunate, but I 
Mo not see how to p»»t iround sfnuUanelf. ind d^nst- arrays of instruments, I - 
1 1 SO ttuiik that th*-" lomM'tOfc lirff.tion Inport.tnt; even 6ii a kllonet^r 

il«*' *f hitigs . hJin^e so 'slgnifL jntlv tfiit^we probably have^&p inonixor>' t he ^ 
long-sfior»i "h<«n?ies with 'rs rlasf i sp^i'^inj; as we use with offshore cljariges. 

I do thinkj the question of In^horn-of f slioro fxrhange Is a crucial fluid \ 
dyn,u^it.s question in the; *. oast al y!one» I also think It is the most crutlal. 
frv-*} I pra'ti*. iJ vilwpolat'. This is fortunate; it should raot*ivate both,thOr 
sclefftists arid the policy jpeople to atta-.k the problem. It will not be *- 
ine^pensrve; we will neod dense arnvs in the coaf5t<il zoiic. Isollnes of 
concentration of Instruncnts should probably b6 circle? centered at a point 
on shore. U'e would give siwne attention to t>.e whole lake, but would 
concentrate at a point along ^K^ shore ajid decrease our attention outward 
from that point. 



^ T.".' 15. (•'.>!;.; iti; j.t-*'iuus reg^irdinft; the hapor^ance of irritabilities 
?r c'.->'s.^l ' T-- : " K' >. Ti" I" nt>ciust bt inportmt^o the ex.-hange 
1 .« ... It 1^ i ird Dt.l,«-vo t:'iJ', a ^t'^r*- <ture grjdi<?nt on the order ot 

Z > -yj - ,s ,ivt isportii; dvajciic illy. TU*.'n the quebtlon is whether this 
i<t i ^(.'oU' or >-.T^'«bl. ^ituition, <ind w-wr 'is the i me '>cjle If it is unstable?"^ 

' - * * • ' .J'.-'; 1 ' !. -•"o'^jr e c» nt-ir-v^'or*- upwflling. Again, 
I .5 - ' •>->•' > • 'i " - '.t - •» ij i ' f » 1 1 . I I hink J n J 1 1 of t hij>, ij> 
» ■ '* -.»'?.-. t .>v''dv .'J* Wilt ' ^t.lnven^ the wheel. Coastal oc^jn- 

-/'•ft't'T J''' 1 *i J* c id or a> in Ei in'# re^pocts, jnd ,^e^ have a lot to 

iJi*. J • .•jr.-i'«.;K 0''f4O''. iud irg^' people working in the btraits* ot 

I I ' n ' C' ^•^ s lould bt ri'ti eni in t ikin)$ these things* over 

I >[i[\ \ii\',^ou>^ -tifiai K ■^<ij\t. We .soe-^ be til king about another IFYGL, 

oi'" *'iiEoVL'r It r'u»;h: b<. ^H-^'^i' I fnink there are three things we can argue 

t*>uitt . Fif'^t,"'-' ii\ argu* abQut the" site* sevoud, we cju jrgue ab^'ut what 

-V* wiil iiii, jri.i • urJ, we r irv irgue ^out the o rgani zat lon.i 1 franuwork within 

-hi.n vi IT' ^oin,; to do it. - I thuik the litter two of these three things 

wtU '■ i)-. 1 v»ooi deil ot line. I in not fonvmccd that it would take rau*_h time 

tu Pi k i *itp. I wo>>id »i r,;uf for picking a *iite relatively eal^iy m this 

pru*. '•^1 bei ius.' ^o-it tis hive ^ urrerit meters, for example, that we c<3n put 
. - . ' 

m thit pla> e tt> >^t irt generiting t Inie, series. If wp wore to plc,k i site by 
n..' vf su':5^t^r, wj^ruuld >Ljrr gottlng'sone neasiirenentb and'hive sone data. Then 
we (auld sa. , vitHH w<' go to'the bi^^ program, whether oc not' the^ dita 

on»'v,ted during t iu' pro^ran vere typii. il. We woul^ hope that it would be, 
^tit ir nu'/er sure Vithour i longer tl'-.c du i set at a few points. 
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1.5 SIMULATION OP AOt'ATiC ECOLOGY - C- Schclske I ^ 

Aquatic ecology constitutes such « coapiex array of scientific disciplines 
that It n^X teeter co take a slightly different tack than has beep taken by 
sooe of the previous speakers, I will not attcsapt to elaborate on a specific 
group of research objectives now since fhese should be an outgrovth of the 
workshop sessions that will follow. To cdnfuare the situation further, worth- 
while specific research objectives coul4 be set since there are large gaps iii 
our uhderstandlng of ecology in large bodies of water like the Great Lakes, 
But ny approach will be to speak to research problems with respect to the 
Great Lakes gene-rally and not to specif ic -research objectives. 

Differences 'acong the five Great Ukes are sufficiently great in a nunber 
of respects that' qach l^ke. must be considered separa'tely. Specific research 
problens can be considered for each lake, but our major thrust should be on < 
what questions are, appropriate to ask and what problens (jan be studied. As we^ 
all, know, forauiating experinents and asking questions with testable hypotheses 
are the difficult parts of this cask- Before we can ask questions, design 
experinents, and laake neasureaents, we most identify the probliens with the 
greatest inportance, I have atteppted to classify the problens into two nain 
types: experimental 3nd descriptive, 

, An experinental study is one in which observations are made under at least 
two conditions so that one condition can be compared to another. Of course, 
in the strictest definition of experinental work, this' is called a ^:ontrQlled 
^expfertpent, I think it is quite obvious from what has been said earlier today 
' that naking certain observations or neasurercerfts can b"fe considered in the * 
experinental sense, particularly if we foraulated a 'testable hypothesis to go^ 
along with**that setj of measurenents. A de'scriptive study differs from an 
experinental one in that these neasurements are used to detemine* environmental 
conaicions in space aA time. Both approaches are important. Some of us 
talk about surveillance and monitoring, Ind these night be used interchangeably 
with descriptive studies. I suspect that these experinents are either so^ 
conplex or so obvious that they are not worth discussing in this group- I 
would like to taention, however, 'that experimental approaches, controlled 
experinents, have been used ^n Great Lakes research, Th^ere are two examples. 
One is the work that has been conducted during the past few years at the 
University of Michigan, in the Great Lakes Research Division, on the effects of^ 
nutrients on phytoplankton production and species conposition. ''These experi- 
ments have been conducted in the laboratory with sn^U beakerS and In situ with 
large plastic bags to simulate nutrient enrichment In nature, More^ recently, 
Canada Centre fo7 Inland Waters (CCIW) has been working with "limno-corrals," 
a slightly different type of experimental system. Our bags were suspended in 
the water, but the sides of 'the liono-corral extend from the surface of the 
water down to* the bottom. Different types of experiments and hypothesis can 
be tested with the two types of systems. " \ 
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The descriptii/e study is itapbztant'. If for no oc'her reason ^ for purposes 
of assessing water quality. Mentioning descriptive studies, however, produces 
unfavorable reactions froo certain oeabers of the scientific connunlty. The 
Qost critical reactions are to the effect that such, studies are undertaken 
because nore important scientific questions cannot be f emulated . To lessen 
the Inpatt of such crltlclsn, we need to justify these ceasurenents . They Can 
be justified fro-a a scientific point and also frozj the point of nanagenent. In 
other words, they are needed so that we can assess what has happened in the 
envlronnent or -so that we can coapare present conditions with past conditions 
apd present conditions with future conditions. 

. We can justify the rationale for descriptive neasurenents by categorizing 
then ^to three groups of variables: causal, integrative, and descriptive. 
I would like to restrict this part of the discussion, illustrating these var- 
laWes from the"* standpoint of eutrophlcatlon as it ties in nicely with the 
water quality work which is a part' of this meeting. I have thought quite ff bit 
abuut t-hls type of rationale, and in' addition, it has been cortslder^ through 
an Intef^iaCional Joint Coracilsslon comnlttee, the Researcb Advisory Board 
standing conirnlt tee. on eutrophlcatlon, which is chaired by Richard Vollenweider. 
' Two of the nernbers of th<»j cotunittee are here — Fred Lee and Al Beeton. 

Causal variables, Jthe first category j are those that stress or force the 
systen when their Inputs "ar* increased and produce what is usually referred 
to as undesirable effects on the system. ^ Phosphorus undoubtedly the most 
important variable in this category if we are considering eutrophlcatlon. 
Phosphotus Is the principal causal variable in eutrophlcatlon processes as 
its supplies IHit the gi'owth of phytoplankton. As a consequence, increases 
in the inputs stimulate algal growth, producing accelerated eutrophication 
and some associated changes in the system which may be categorized under 
Integra t'lng> variables. We need to know more about other causal factors or 
varial^les In ^he system and their eff&cts on eutrophlcatlon even though their 
importance may seefe secondary. Heat, trace elements, organic faaterlals of 
various types and with various functions, and even conservative elements may 
play this secondary role. There is little evidence from existing j^ork to 
evaluate the relative importance of each of these. 

Integrating variables slmjfly are those which change in a predictable 
manner as a result of Increased Inputs of a causal variable. I would like 
to mention only two Integrating variables, silica depletion and oxygen 
depletion, -to show how they can be used in extremely different parts of the 
Groat I^kes. One of the reasons I am here today is due to an integrating 
variable, and as most of you know, that integrating variable i» silica 
depletTon in Lake Michigan. Increased phosphorus Inputs to Lake Michigan 
have stimulated the growth and Increased the standing crop of diatoms, which, ^ 
In turn, have depleted silica supplies in the lake. In this ca^e then, the 
decrease^ in silica concentration Is a very gQod measure of eutrophication 
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be,<iasc' it r'-.tle-ts tho >npurs .>t" pi osp^orusj the causal factor in tJiC 
cucropiiicatlon projoss. ti.glit ndd^iiat, oven though som? of thl^swork could 
haVe teen «^co5plis>Le<i* throagh dcscrlpiive sluJlos, a lar^e p«rt of thts \jnder- 
fetandtng;^<x this particular 4>roce8:i liasv. cOTje t'lT'bugK exp3r.lrer.ts conducted 
In large pijs:^t bags., ^ V ' , * 

It 'i.s perhaps *aipo;tant to for :b » pvrpoie^ of ihc c^-ctlng,^tha^ ^ 

,he suc.o^s ve at tU tnivcrsitv of 'fi. hi^ianSind v/lth fhls particular research 
pTo>iran and oti»er reiatei pro>irans wa« due .o stweral 'factors » These factor^ 
in.'lUed an organization dcdicaCed .o ..rcat Lake-. researHiTstilp facilities 
CO gel V I tf.e iake^,' .md a s;aLf ot scientisCs cl^nd technicians with knowledge 
and .ap<>i.iti^s .^Mt .ojld be- 'applied to .p.Tiflc ptobleras. We were able to 
cari-\ our those studies hccause Ptofessor David Chandler and other people at 
tic tntversi^tv^cf Michigan dedicated a co.isiderablc amount of effort to 
providrag-fVil\i;les and <. c citical m>; of people. O'ene Stoenaer «aa available 
ik- r.n-'w riov aiat^ns behaved in che cawroanent and, more Ijnfortar.tly , could 
ft- ogn*2o a d.aton when hj sav It. S:;neti«es ecologlsts has^e a little dlfri- 
*ultv rcHO nUitig specific orga-alsins, and wc t^nd to view then as black boxes. 
'The i.iport nt poxnt , are that we had a technical stoff that nay or way not be 
3^,il table' t w-no organizo tions ar.d that a lor oi expertise is needed to con- 
hirt rc-seafio. I: rsn" cr c.n> not be necessar/ to have a large organiza- 
lLt>n to do this re8earclrr1>ut It is essential to get a critical oass of 
p.^op.e ^:o^,etl.er. In re.ent years, particularly In oceanagrr.phic work, l^ge 
I^rf^^Vam^ have ^een .onductcd ',uccos^>tui'iy either by cooperation aooiig InstUU- 
rion- or individually, s> I ar. not advoc'ttlng building up large rei;earch 
organizations. There is, howe/er„a defi.iite need for large research 
..r^anizaii.-ns or rcse.ir h groups, and these rfill espe. lall> be neecled If wa 
are to attack iho tvpes cf pro^iens bt ing d .sc.uf5Sed here tcda> . 

;n a^dliton t'> siiva de?le.lon,*^y^er. dv^pletlon U an Ir.tegratlng 
varlabJc, Tlie bt s: cxaJrple of thls^lj hypolinaetic o^'y^en depletion in the 

enc'ra^a^in o. i.iKe ^^r'le. The importance o: thU integrating variable has 
been dOsJ^-^nted by srleatlsts at CtlW and through a jclnr E.ivlronnental 
.•rot<.> iVon ^gen.'v CE.>A)-rCIU study known as Project HYPO. The ca'usal variable 
.n^.l.i> <a^c was also Im rea^Jed Inputs of phosphorus a.-, oxyge.i depletion iii 
dae CO t!.e secohdaiv effe.'ls of the growth of phytop lan/.ton or to the dc^om- 
io^itlor. ^f ovganv n.a.ferf^ SlUca doplJticn occurs ^rf the photic zone in the 
upper layers of ,Ke Like. Ox/gen depletloa occurs iP the hypolimnion, the 
.botto'. of the lake, as organic Matte." decoiaposes. Measurement of silica 
se'rv-s purpoH- as aa integratlr.g v.irlablc in ..ake Krie since, ainonfc- other 
rtascna, nanv ot :he phytop lankt. n ai' LaV.e Kricxlu'.re not diatoms. Likewise, 
oxygen depletion ha, little use a '.an Integrating v^arlable in .ake Superior 
where very little -xygcn is coa^untd due to the l^^w productivity, but silica 
dcrpletlon 2ould >e very appr.?pr.ato bJcause most ot the phytcplar.k;on are 
dif.tot.s.^- Integral Ing variables, therefor!-, will vi/y from lake to lake.. 
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"Hie final cntv/.oty is descriptive variables. TheS' would include those ^ 
that can be Justifi«id for suc'i eoojoglcal "reasons as describing seasonal 
changes » coztpari lahes, and detcmining loug-tetx* changes in the system. 
VafldblcG urder this Cfitegory vould include Rcasurenents of chlorophyll, 
phusphoru3, n'i-i^ogi'n, i u! carbon dud abonianc^ of organises, inriudin3 
ph/coplankton, bacteria, iplankt , benthos,, and fish. A nunbf^r of st'-dl-i's 
could be cited to justify the inport^n*:? of sLudit"^*- on the ta>4onoay and ecology 
of organisms in t>w Ozt-^i Lakes* Vt ?iMhly -be best An^vn frou the standpoint 
cf nanag-^a^mt wpulc be fisher j* st idies. 

In addition to df^w* Trai.iing what \ari3' l2s to i \' lude under ^h*^ descriptive 
<ategi^i^. , »»notnir na^or problem is de'^Tuirlng * he frequency anJ extent of sampl- 
ing re« deJ for ch3se partJ. ular vc^riablt.. How many samples. At hov uany 
stitUj'j!, 3t how car y depths, and at w'tat time interval a-re important questions 
la our current research and data gathering efforts. It is obvious <hat the 
frequency of sampling will vary with the variable. Bacteria, phytoplankton, 
and jcooplankton with relatively short generation times must be sanpled 
frequently — wtcJtly, daily, or even hourly — tu describe their dynamic properties. 
At the other extretflfe apre conservative parameters, or variables like chloride', 
which have changed on a lake-uide basis in the past 60 to 100 years. But these 
changes may be too snail to be measured on a yearly basis, so a few .measureraents 
per year nay be sufficient for chloride. The sampling scheme then. cannot be 
unifopi for all descriptive variables and has be varied accord'ing to the 
objective of the particular study. ' ■ 

'^j No ecologist could make a presentation like this, without stressing the 
importance of studying interrelationshi^ps In the aquatic ecosysten. 

Even though the effects of eutrophication are nost obvious in the primary 
producers and In certain chemical parameters, at least as I presented them 
here, studies of eutrophication cannot be restricted to the effects of nutrient 
additions on phytoplankton . Studies are needed' to determine the c)ianges in 
the system resulfing from the initial peyturbatiotvs at the phytoplankton- 

chemical levpl and their ri^sultant^ef fects on the fopd chain. Since, all 

' '' * • \ 

processes in the system are interdependent , one needs to know which prtocesscs 

affect eutrophication. ' L \ • ' 

I will conclude by reflecting on wTiat I'thiW we have , learned from IKYGL. 

Some of this has already been covered by other people. First of all, there 

Xi> an obvious 'need for adyanced planninjj and lead time. Funding for contracts 

and gr<ints should start at lea§t 6 months to 1 year prior to the initiation 

of the field^ycar research effo/t ,^Jo that people Would have' adequate time to 

perfect «anU test models. Given this anoupt of lead tine, ittwould be easier 

to, adjust schedule^ foV logistic support if there were unforeseen* delays In 

the scientific program. , ^ > " ' » 



- a-he-e ls*anj,l>vUu» ncc-c- to, a.seable a crltlcal oass of Investigators 
*lth appropriate' ^pertlse. For large prosra=3. this neans Identification ai ^ 
individuals -or grtfups with such expertise and the need for coordination of 
efforts". Such expertise oust be available when «e need It. Particularly in 
the "university community, we cannot support large research staffs on university , ' 
budgets, so advanced- planning or continuing support Is needed if large-scale 
university participation Is desired. 

" We need to recognize that the Great Lakes differ from lone another. This 
is probably obvious, but It Is Important because It may be feasible to underr 
take soM research problens on ^one lakes and not on other lakes. As an 
example. It ma/ be nore appropriate to study'the naterlals balance in Lake 
Michigan than in Lake Ontario because most of the tributary inputs are quite \ 
small Compared to the input aad the output from theNlagara and St. Lawrence 
Rivera. Certainly the success or failure of a project undertaken on Uke ^ 
Ontario may not be the same if undertaken on another lake. 

Finally, a n'eed exists to refine Snd improve the advisory process. In 
IFYGL a lor of the work was done through this mechanism, and those advisory . 
groups did a cormendable job. On the other hand. I think we shjuld always 
look for improvements and for other mechanisms'. My suggestion will be slightly 
controversial; «e need tojconslder new approaches^ to managing research', so, I 
would like to propose an alternate or additional system from the advisory . " . 
standpoint.' The reasons for proposing such a system include T.glni«lzing the 
chances of undertaking trivial problems and maxi?ilzlng the benefits obtained 
fron funding. V!e all realize that limits on funding will always be a limiting 
factor. Traditionally, science ha6 progressed through the work of individuals. 
A dlchotomv devlloped in this approach about World War II. when people began 
^o.talk about bl^ science and little science. Ecologlsts have thought about 
big science, but probably have not made as much progress as desirable ih/hls 
particular area. TUh usual approach to big science-has been to take a lot of 
little science an* Put it together. ly- doing that we may not consider very 
inportant questions. An alternative to this approach might be to utilize , 
individual- researchers in a slightly different «ay. Traditionally, a scientist 
his always been someone who could gather and synthesize his own data. That 
becomes-very expensive, especially on large lake problems. An alternative • 
would be to put individuals to work on different tasks. These tasks would have , 
individuals working on planning experiments and evaluating data. It would still 
allow them to partic ipate 'IT Ti;? overall scientific program. This would result 
in much better designed experiments than we have now. People would be thinking 
about questions to answer, rather than the da*, they can collect. In the lon& 
run with proper incentives; the individual probably would get more satisfaction 
out of this particular approach than by working alone on a complex problem with 
inadequate resources. This approach would not eliminate the Individual researcher 
as there are many worthwhile problems that can be pursued by Indlyiduals. Thes. 
Advisory groups would have to determine which problems could be undertaken by , , 
individuals aad wt,lch would have to be undertaken by larger^ groups. 
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1.5.1 Responte - A. M. Beetbn * 

Much of the work in ecology on the Great Lakes is still in the descriptive 

phase. tf«^ really need a lot more imagination than Ve have had in^th&^ast, 

especially If we, as biologists, are going to take advantage of the kind of 

work being done by the physical limnologists and the people involved with ^ 

modeling. So, for exanplc, if we had an understanding of what is going on 
2 " 

under I n of the open lake in terms of biological interactions, we -would 
then be in a much better position to interpret much of the data that have 
been collected in a number of large, lake-wide surveys. Lake-wide surveys 
have a very long history. Several were conducted on Lake Erie in the 1920' s 
and early 1930's and on Lake Michigan in the 1930 's. Various surveys have been 
conducted within the past 20 years, and as a consequence, there are r^ams of 
data waiting to be interpreted, but we cannot interpret these data because we 
66 not 'understand some of the basic mechanismis and intjcVaCtions. 

Looking at some thiYigs that we coifld perhaps paint with a broad bi'ush, 1 
am int'rigucd by the diffeicences in the inshore and offshore conditions in 
biology and 'chemistry. I think this is an area in which we can provide a lot 
^of data that will fit in very well with some of the things Gabe Csanady was 
mentioning this morning. Jo get a handle on water quality in the Inshore* area, 
we must understand something about the exchange rates between the large mass 
of relatively high-quality water that sits in the' middle Of most of these lakes 
and the water in* the inshore areas. It appears that the quality of the^water 
in the ihshore area is determined by«point source discharges as well as diffuse 
sources and by sediment water interactions, biological activity, and mixing of 
inshore and of fshore, waters. We do not know how much phosphorus might be tied 
up in the clay ralnei^;als that are^ redistributed by every storm that cpmes along 
or how much phosphorus may be rerooved'by the organisms and just ^ow much of 
this is dispersed into the ^ake by exchange processes between inshore and 
offshore waters. Each of these factors needs to be considered, but if we did 
have reasonaBle estimates of exchange rates, then we might be in a position ^o 
start getting a handle on the role of biota in removing the nutrients. For 
example, if you look at some of the conservative properties, such as chloride 
and sodium, and compare their distribution with some of the nutrients, you 
find that, while there are relatively high levels_of some of the conservative 
properties coming into the nearshore water, they are dispersed rather rapidly 
and concentrations do not differ greatly within one lake. When you look at 
the major nutrients, concentrations in the nearshore water are often 10 times 
what you find in the offshore waters; we cannot "fcxpla in the lower levels of _ 
some of these out in the open lake and higher levels inshore just due to 
dilution alone. The loading rate, the biota, and some other mechanisms^are 
involved in removing the nutrients as well as recycling those inshore and 
therefore keeping much higher concentrations inshore. We do not understand 
what these mechanisms are. X thinlc this is very important if We are going 
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CO be able to contribute in a meaningful way as biologists Co ii\ understanding 
of the Lakes. This certainly fits in with our concept of eutrophicacion. We 
have oore than a<fequate Evidence- of changes In the Great Lakes, i Thia^has been 
documented extensively. We know chat eutrophicatlon has progressed froo the ^ 
shore 'lakewaTd; this is logical because point sources are along Che shore. 
Certainly we have pifent> of f idence that eutrophicatioi^ progressed fron west 
to eaft from «>horc JaVeward in L?kejrle, and this Is what is happening Ix- 
lake Michigan. Our conceptual raodel has been that ihshore-off shore differences 
are prom . ed , and we have soaetitnes talked of Lake Michigan as If ic^were 
like .1 iou^bnut vliere ' c;u h-^ve che '.nshore waters with sonewhat degraded water 
quality and a bi^^nass of higher quality water out In Che central lake. That 
is all right for -a conceptual m^odel, but actually what we probably hav6 are 
point <*our<*L' innurs from a nunber of netropolitan areas where the yater Is 
probabl> deRradod. We really need to understand the loading rates in these 
^reas and the r ite at which these inpuCs can be dispersed.- This Is very 
Important fro. the biological and water quality standpoint and fits in with 
the physi.ai li-nologv kind of thing that we need to tie together. 
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1.6 SI!<UUTI0M of Water quality— Carl Chen 
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Just 'a week «g^» our group Coajpl'eted a burvey ,of water ^Juulity modeling • 
as it ap^iQS to the Great Lakes, The' work was done for the Corps of Engineers. 
Our goal was to define the various cietliodolo^ii,'es have ^een developed to 

evaluate the ef f ectiventsss of various waste wjatcr managerxi-ni problems. In 
this stuciy we Reviewed several taethods of d*;ten:iining water novenenc and 
transport, including dUrect ^ej^surecient, sJifaie, rsodels, stcadv-state models, 
and tine-d^(pndent raodels. T^e then evaluated the itate-of-riie-art or water 
'quality a^^ls, SoQe of» then ore designed for lo:^^-tem prQ.jectloi^| of various 
quality parameters, like salinity, and phosphorus, iiSnd sotnt? of thcii ot waste 
heat. We also evaliiated a whole slew of water qualxtv simulation Dodels that • 
have been (leveloped and na^' be applied with sonie rainor adjustments to the G^eat 
Lakes drobleras. * ^ ^ 

Based on jhis review, we conclfided tllat water quaHty rtodels have been 
advanced' greatiyj^' ^tere is no naed for people to reinvent the wheel since^^^^' 
with nodi f l< ^tAy^n'^rpipTie sort, one caifi'apply it specif i*,allv to various lakes. 
As haa also waen »pfeiwfed out by others, each lake is different. The approach 
to be takWl for e:^?^ike night b^' a little bit di f f orDnt , but the underlying 
cono^^^ual franewo^k is strong enough ko nake it tf an,<;fer jble. 

When we talk about Hater quality jnodels, we -i^nnot talk about water quality 
alone because thg water c[uaif<y is influenced bv Hiolo^y. Ri^Ut yow. the wattjr- 
quality 5iodeling'»itet*hnOflo^y h<^^een advom c-d fru.Tj the traditional biochemical 
oxygen deaanii/d>i>suivcti o\ /pert relation tvpe of ana ly§ is t^o Include more and laore 
biological pararieters. This is • inportanc « * 

Equally inpdrtant, we ^ahnot talk about wateJ qual 1 ty nodels -wi thout 
hydrodynanic transport model 9,,^ The water qual i tv^node N ilwavs require a » 
transport model to di:'ivc\ thc^ A tran-jport nodcl tK*''p/i:'v ncihanism to •« 
move the naterials and distr^J?al|e Jhen in spaer^ wliert thev l^flu<^l^,e the biota 
anU the biota in ttirn iaflaence^^he'??atcr quality. ^, ^ 

I would like to tOlk aBout sOrpe of the basic concepts in water quality 
modeling and the apprOcTfehes being iaken to date and will present «ome .questions 
which nust'be answered* to improve tJfe nodj^ls. 1 would liJ-c to throw out some 
ideas on how we night cipdel 'a Gre,it l^ake, what kind of Lrai<.port mechanism we 
night need, and, w[iat kind of lyiXjlogical infornation we would like to have. 
The purpose is to sinulate discussion and receive input fro':' the auditfflte. 

Figiire 9 represent*? a slnplified conception of the intera*" tions which 
bear on the water quality of an ecosystem. The^^^^ure shov^ many 'sirnul tancous 
interactions between biotic and abiotic entities of an e«-o>ysten. N'utriQnts 
sinulate the growth of phytoplank^on , phy toplankton cAnsune nutrients, and 
80 on. ftajyically there are two major types of Interact-tons or processes. 
The upper half of figure 10 lists the physical proces.^cs taking J^lace to 
^nfl'uenre the distribution of pollutants, l^hvsiral proce.sses ^^fielude advection, 

■ ■ «. ' ^ ' 
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figure 5. Definition of an aquatic 
ecosystem. 
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1, ^ .physical Processes 

a* Adveccion between segments 
# ^. Diffusion ^pcwecn segments ^ * 
• ■ c. Sedlcsentatlon froo the segment ' ^ 

d. External Input to ^fhe segment 

e. Output to external' from the segment • 

f. Reaeratlon 

g. Solar insolation , ' ' 

2. Biocheaical transformation, uptake, and release associated with 
, the following^ 



Bacteria 



Biolpgical Oxygen 
Deciand 

Detritus 

PO, 




Benthos 



Figure 10. Im^rtant ecological proceeeea for ^delin^, , . 



diffusion, sudloentat iun» input (ooaely waste input or atrospheric input)\ and 
oaxpttt. The other t/pes of proceases' are whenically or biocheaically aediatcd 
transf.oz7tatio9, uptake and release pf nutrients, bacterial degradation, etc. 

ihiile the approach aay b& similar, nodels can differ In the amount of 
the f^iospherc incorporated into a taodel tu describe adequat/ri^^ water quality 
problen. There have been«^odels taken up to the zoopl^ankton level in the biota 
that ejcclude the computation of. oxygen. A problem occurs here, hpwever, be- 
cause, if you do not know oxygen, you do not know if bacteria are going to be 

aerobic or anaerobic . The problein is hoy to increase the paroaeters such that 

,r 

we can correctly do che biology and the water quality sinultarieously. We like 
to have a cpaprehensi ve but tractable raodel. ,^ • 

How do we learn enough about processes to do basic nodeling? The first 
thing is t,o go to the laboratory and learn soaething about what is going on. 
If we want to study algae, we put algae . in a beaker. If we want to study 
a ctfCQical ii^teraction , we measure .what comes in and what goes out. Through 
that; we develop ^&wo basic principles. The first principle is the conservation 

"Vf .aass *^avi /.e.',\sia5s has to 'be conserved. It might transfona froa one fora 
to anotherlf but nas3 has tg be conserved. T-tie second principle is the kinetic 
principle; when transf oraat luns occur, they do so at a certain rate"? 

Ve like to know huw fast algae. Is growing. How nany nutrients are consuoed 
f rota vat er to conserve 'nass? * ^ I . ' 

* To apply such principled to prototype sinulation, the wate/' body Has to 

be divided into snail h;^draulUc*eleclents such that each one of these hydr;aulic 

Clftraents can be approvtioatcd by the laboratory condition (fig. 11). ThejiJitural 

^aquatic eco;>ys:eri can thus be viewed ab a series of interconnected hydraulic 
" * ♦ t 

Elements, Water and nass can be transferred* fropi one eleneht to another. 
> ^ ' / 

^Based on^kine*tic -ind raass conservat,lon principles, it (is a classical 

situation to write a &o-call^d .nass balance equation. The equation says how 

fast ciabs in tViC elenent^is changing due to physical and chenlcal processes. 

Th^? f<?llowlng' equatidns can^be solved us^ing digital computers: 

I r. Ceneril Mass Balaace Equation for Ablotio Substances 

dVC, n 'n dC * ' ' _ * _ 

' ' /\DVLCTI0.N' DIK9l*S^V^N' 1NP0[ ' OUtm SETTi.tN'G RhAERATION DECAY 
^-^d,2^Si^W3,ui^fV3,l 



tra:;sformation. iTTAtk^, respir3\tipn 

^•^L WO^ 'lO^ BYPRODUCr^ RELKASE 



A. o continuously ^firred tank reactor ,^CSTR 
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B, on ideolized *hydroulic element 

C " Concentration of sone jcoristltucnc 

Q - Flow*throur,h n face (Q^t Qj). o«t ^^1^^ 
A " Croi8 scctlohal ar^a of face i (A*^) or. j (A^) 

A Surface prca ^ * 

s 

TD;S - Total dissolved solids 
BOD » Biological oxygen denand 

DO " Dissolved oxygen ' • , ;^ 

Figni*c 12. An idealiiied hydraulic element verauc a labcrcLtor*y- 
otirred tank reactor. 
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2. General Mass Balance iEguatlbn for Biota 



dC. 



r' ' CROVTH (s^ETTLE . { -CYiAZlliG 

\ / ' RESPIRA'PION DEATH 



'in 
S, 



R 



"2 
^2.1 



Voluoe 

Concentration of constituent 1 

.Flow through a face i(Q^), in (Q, ), or out (Q 

'1 in out 

Diffusion coefficients 

Cross sectional area of fa^e 1 

Co^cet^tration gradient of ' ^ * 



Concentration of C£ in the inflow 



^e?tling rate of C^ • , 

ReaeratlOn coefficients ^ 
Surface area 

Saturation co^entration of Cj^ 

I^ccay Coefficient of C^ < * * v ^ 
/ ' . ® 

Decay coefficient C2 ^ 

Growth rate o£ biota C^ 

Conversion factor between C, and C^ 

( * 1 3 

Resplrati^on rate of biota C^ 
Specific growth cate of C. 



Respiration rate of C 



-♦Mortality rate of C^ * 
Specific growt,h rate of higher trophic specie8*C2 



Conversion factor betwecn^C^ ani < 
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• following ffg«re« show different .pprpaches ^to 5eg=entlng different ^ 

kinds of -iter bodies. Figure 12 l5 .the wa> that has traditionally been used 
to segnent . river. Figure 13 Is a way to represent I staall reservoir... The 
.aall reservoir Is usually upstrea* of a river. It does not receive nuch waste 
inputs All the water quallt^ Influence Is In the vertical direction due to 
therrial stratification and overturn. The reservoir Is therefore cut Into , 
horizontal slices. ' Soce river-run type of reservoirs can be cut Into reaches 
and then Into horizontal segnents (fig. 14) ; . 

How does one go about segnentlng the Great Lakes? One approach was 
conceived by Canale^ He recognizes that a lake has to be divided into a 
UMoral zone and central zone Ss shown In flgwes iS and 16. This night . 
be to<. coarse, but the concppt. Is good;;, Based on the concept, we can 
^vision ^Aat to do with another lake. I will use Lake Erie as an exanple., 
■we envision that a aegnentatlin sh<«n In 'figure 17 night be appropriate. Thus, 
a nore<letallea spatial resolution Is possible at the nearshore zone where 
the lakes receive waste Water Input. By that, we can see the pollution effect. 
When at cones to the central 'Uke. the. horizontal spatial variation. Is not \ 
as big. He can use a bigger hydraulic elfoent. The advantage of .*ls type of 
.segaentatlon Is that' It can fit 'into the currently available conputer core 
' spaae and also that the conputer tine is not exc&slve. ^ 

. 'There are also different pMlosophlcs in the d.velopnent of water quality 
■ nodels. S«.e of the nodellng technology J>as been advanced by starting fron a 

staple one-r^c'tor representation and progressing to greater detail. When one 
' dl'scovers a singl* reactor representation is not enough, he begins io cut the " 
reservoir int<? two.layers. a.^d -when two layers are not enough, nore.^and so on. 
.That is one w,y to i<S it. Another way is to go through t\e literature to 
' det«mihe the current statu, of nodellng. The nodel is initially conceived 
as cWrebensively as possible. After a conprehensive nodel is dev^eloped. one 
begins to slnplify the nodel-fo see how far he can go. I will not say which, 
way is'botfer. buV these are t«. approaches. One starts fron conprehensive to 
' staple. *The olher.start? staple, th.n discovers that it cannot do Xhe Job. and 
evolves into sonethin*g rfonplicated. Eventually both approaches nay nerge at 
the niddle. Meanwhile, thosr- taking the conprehensive route nay be accused 
* of being too anbitious orjust plain unrealistic. The other group, on the 

■o'ther hand, nay nak^ a deputation for the nodellng field. They buil^ nodel. 
\ too siaple to be ret'«3 . • *• * 



2 Professor Raynond Canale. Sea Grant Progran. UniveJsity of Michigan. 
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Ft jure 1^. Jaoneti*i<!at r*cpt*eoentdtion of CC reservcii*. 

- • 

r 

- ' , '61 



'Figitre I'i. Segmentation fo^ Hvev run reoervoiv. 
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Lot rae sav one thing about what 'We should do in the Great Lakes. The^Crea^ 
Lakes nodel must perform Loraputationg for a series of hydraulic eleciencs that 
can arranged horizontally as well as vertKally. The hydraulic element ^aay^ 
be a daaXl cell along the shore. It could be a big one in the pelagic zone. ' 
Any elenent can accept upwelling and dovnwelling. It can have horizontal ^ 
jdvet-tion whlfh can go both ways. Mass halanre cotnputatioos can be perfonsed 
for all Che inaportant w.jter qualitv parameters. Transport can either be 
generated by a^ hydrodvnaniu model or pres^.r{bed according to field data. Sotae 
of the hydrodynanlc conditions nav by very difficult to conpute, but they are 
ejsy tJ prescfrile.' The objectr of the nodel will probablv be the slmula^tlo.7. of , 
"^i^Ait poncMv w icer-quil itv conditions. * . 
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1,6.1 Response - K. V. Thonann * 

I think Carl Chen did an excellent job reviewing the nature of water 
quaJLity nodels and their interaction with biology. I will make thfce points. 

First, what did we learn fron IHGL concerning water quality modeling 
and the interaction between water-quality modeling and biological nddeling? 
I think we learned that models that have no circulation in tlien at all, where 
"take-wide averages are taken on a horizontal plane and the model is only 
considered in the vert icaT dineni^ion, hold a lot of promise, at least, for 
raaking long-tern planning decisions on the Great Lakes. I think the dynamics 
of nutrient and pbytoplankton behavior for such lake-wide situations are well 
'advanced. We are understanding core and more about the be1\avior of 'some 
of those lake-wide dynamics. The reason I say this is that \hc basic analytical 
structure which Carl Chen Just reviewed has now been applied to ptoblem 
situations that span two or more orders of magnitude in total fthytoplankton 
bionass. The analytical structure that Carl Chen reviewec}^. has already been 
applied, we believe reasona^lv and successfully, to several different types of 
water bodies. Sone e^janples are eutrophic estuaries with maximum concentration 
of 200-V& chlorophyll per Uter for phytop lankton. luomass; delta regions in 
California with a naxinun of 50 to 100 i.g; Chc^sapeake Bay with concentrations on 
_the order of lO ta 30 ug/l; and Lake- Ontario with 5 to 10 We have now 

spanned almost two orders of magnitude, and applications are Underway to model 
Lake Huron which would%e 1 to 3 .g/1. By the time we finish^ith these half ' 
a dozen applications of the analytical st^ucture^ we will cover enviro>ents^ 
with alnost three ordofs of magnitude difference. The analyticaf^iructure , 
has;realjy held up whic/l think 5ays something for the abtUty to uUlize the 
lake-vride average for planning, purposes. .That i^ point number one. 
. ' The se.'ond poinc I want to ff^ake concerns this whole notion of the 
iruportanre of .-irculaCion to pbytoplankton dynar^ics.. Ift addiVlon to the'lake- 
wl<Je nodel,. one of the other 0utcon6S of IFYGL Is a first prel^inlna-ry threes 
dinensional phytoplankton bic^nass nodel of Lake Ontario. That work Is just 
started, but I wanted to show you ^ne prellmlnarv result to Illustrate a point. 
The thrce-dinenslonal model Is a rough grid f^ve-layer model and looks some- 
thing UWC what Carl Chen was talking about (fig. 18). It 4s an attempt to 
desrrit^ at^oast some nearshore phencxaeAa, Shore segments ^t6nd about 10 km 
out and^are about iO> long. We use the kinetics given by a lake-wide uodel 
which was lerlfied about ^ years of data. » 

Ihc'/ltiostion of circulation ca^ne up and we hasslod this back and forth. 
Kov do we handle all tfiese .complex Interactions ve' heard ai)out all mo'rnlngr 
We took a suhner and winter circulation pat,tern and p^it In. some therm.J bar 
■phenomenon when and where vfe think It happens. AH of these phenomer.a are 
pre.s<rXhed exceraalfy In addition to the '.aste loads. We then ran th^ model, 
ngurJ l^sho^^/ a cross 'section licrosc the lake comprised, of segr.ents U. 
: 16, and 17, 'seventeen' 'is Rochester Harbrr. The area Is 10 m^by about 40 ^m. 




DAY OF YEAR 
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V.icl. IS a preuy coarse grxd. The figure shows phytoplankton In nicrogr.ans 
Chlorophyll per liter as a function of tine of y«r.-. A sprIngSloo» develops 
that prece<l.'S thl open lake segr.e'nt (16) by about 3a.days„^nd there is a 
gradient of abo.t 15 which ,1s ^ reflection if the fact that It is near- 

,hore entrap^enl No-, compare model output to some observed data as shovn^ln 
figure 20. The figure Is f^r Rochester Harbor. The black dots are the nean 
values calculated by the nodel. The range is w\,at the mo4el calculated during 
June and the open circles are ITOL data. The run used the same kinetics as 
the lake-wide noc-.l. The diTference Is in spatial , detail as shown In figure 18. 
Lo'al circulation,: thermal bar effects, and vert|cal.stratIfIcatlon were included. 
The conparlson U renarkably good. There is only one thing wrong with this, 
we are a itttle uncertain a<. to why w« did so well on the first shot. ^ For 
example, this progran was not conpletely finished for this rUn. so the run does ^ 
m,t lncl..,le any phytoplankton settling. The run also Includes an-order of 
magnitude higher concentrations for th'l phosphorus Mlchaelis constant (10 «g/l) 
than what Cl.lre Schelske would nonr^al'ly consider for phosphorus on the basis 
of fiis Lake Ml.hlgan work. In. spite of aU of that and n sl.plo circulation 
pattern, it U rcUy quite surprising that the results are so encouraging. 
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. Point. nunbervtbroe Is that the long residence tioe of t-ater in the Lakes 
prohibits any kind of aeaningful tesflog of these tLnds of *phycopla»tkttm «odels. ^ 
We cannot' reduce a load and taako a prediction and thea bfce how veil the nodei < 
does. We are kind of 'describing what ve have afready observed in a hiridcas^clng 
fashion. Also, there are a variety of processes t^iat we have not even bggun to; 
toutn; for exaaple, the nultispecies aodoj. tha-t aany poople^'have talked iboiTt ^ *, 

and'ciie probleo of nearshore rooted aquatic plants. In spite of t|iese % 
difficulties, 'the "syccess" to date leads ub to think that ;here is considerable ^ ' 
proaise in the utility of these raodels for aiding the long-tenn decision-oakipg 
prx5.-ess concerning effe>.:s of nutrient feaoval on the phytoplankton of Che Uk<!. 
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1.6. 2 ^-Response - S. ChJpra ' / ' ,* 

win supplement 'C4f I Cheh-^'anJ Sob Thi7:T>unn'> presentations by discuss- 
ing a ^cale of analysis vhlc^i "h^s yet to be ;iddres«ied t<5dav. Although 'it is 

^ scientific scale, but rithec an engineerrng or pi^unninij scale of analysis^ 
it is potentially useful for addrossijlg some of the Great Lakes water quality 

As outlined by prfeviou» 5peaker»)» the ajvpro^h his been to study phenoaena ' 
on i vnole lu'^e ^.during a vear,„or to resolve* snaller sp.i, o md tine scales > 
within a lake. Tine b^aZes of a «oek or^ less have beeft cenironed. Spjice 
scales on the order of kilometers or less Jiave been addressed. ^ 

;rhe approach I will discuss would include all the I-akes in i>ne aodel in a 
manner sizjilwir to the wav hydrologists siraulTite lake levels. However, instead 
of lake levels, witer quali*^ prohiens fiight be addressed in tise scales of^ 
years or decides. Thio approach has -been ajiplxed to water quality problens 

previously aad^ stecs fron a chloride -nodel of the Great Lakes 'publisheij 

3 * t ^ 

by 0 Conner and Mueller*. Their basic idea was that social and econoaic 

pcirifteter-j, such as populat ion coyld be used to gsmerate tiqje series of waste 
sources to each of the threat Lali^s. These .sources were then introduced into 
a simple tran«?porC nodel which tre<ited each of the Lakes as Continuously 
stirred tank reacD<»r> (CSTR) . *In this way O'Connor and Mueller j3ade long-terta 
projects of the cUlqrlde lovcls*<3ae to various waste narjagenent strategies- 
t As Bob Thor:ann just stated, *napy water quality nodels expensive to 
nAi longer than a few ye.irs. I t'tiigk O'Connor and Jlutilier denionst^ated that^ 
<*t least for a cert^tin class of problen, a "Great Lakes'^spac^-'sJale'^ and a . > 
^ decade tiae^suale could be ef fectlvely'used to 4>redic't t^ese ioxig-teco effects. 

There have been sone 6ther applications of this approach. ^For instance,^ 
Custifson f;\erdejed tritlun levels in the Lakes due to nu.rU*iar power-plants; 
Lennan'^ has modeled stJ ro;)tluin-90 in this Vay/ , ^ ^ ' 

In all casps, siraiple transport models wi^th e>inplo» reartian kinetics were 

forn»ilate^J. If oth^r substances such as p<^ticidei<^ total phospjiorus, etc., 

coul'd be reasonablv^nodc^ed in t-*tis ^fay, we woulU-^gairt a' va4(ij»ble tcyjl'to 

answer questions about the future qualtty ol^ tha Gre»t t^kes. * 

; - : " . « , ^ 

3 . ' " '*'.'« 

O'ronnor» D.' J., and J. >tueiler* (19.70)^, A. water qiialiU nudel of chlorides * 
in the Great Likes, '''^^i^kj:' /iK^tM^u Emjlr.e^.t*i* g "^^i^' ->'^0>iy ASCE,'96, 
^ pjp. 955-975. » - - ^ 

. . • 

Custafson; P. F. ClVO;, Future levels of tritium in the ^reat Lakes from 

nuclear puw^^r generation, pape^-'givcri at the i3th Conf er*ence'' on Grea't Lakes 

Research. . 
^> . - J " « , . 

5 ^ ? . • ^ ^ ' . 

Lernan, A. (1972), Strontiutn-90 A the Great Lakes: Conct-ntration-tlme 

nodiil, J'AirK'u Jf.phj3i*a\^<'c^'avhh 77, pp. ^32*5 6 -326 4. 



1.7 SI!«;UAT101! OF tWIRONW.mL .DYNAMICS OF T1I5 GRTAT LAKES - C* H. Mortiaer 
la the final agenda for this workshop,' th-j biological .>ctlon, including 
ecological oo^elV^g. i^. Hsted separately fron "envlronaental slnulation." 
I did -not realize thts before preparing cab\e 8. Without defining "environ- . 
oont.il dynmics'-too precisely. I intended-to talk about Interactions between 
hydrodynasic and ecological nodeU, not because 1 c in clal= to te a codellng 
expert, but because r^>e design of ..n optinuB Interaction strategy Is the aost 
iDportant task f.clng us if U^ologlc.l codellng is ever to have a usefully, 
predictive Inpact on 1..4e a.i,,.*encit . Ignorance rarelv constitutes a bar to 
puhli, spoaHng.- but the resuUs are often platlt'udlnous. Vvertheless, I nope 
ny five platitudes (table 8) Ml ^rve. ti generate fruitful debate. ' 
. ■ - Tbe first platitude is an atte==pt.d one sentence definition* vlth.alterna- 
tlve wordings, of' the purpoi,e of lake systen oodellng. The second is a ^ 
triarchy of three iMeCicting bo-cs, a trlarchv Illustrating tt^g appll«^lon 
of :he soleatiftc oethpd to acqulsltlog of understanding of lakeisystens. , Box 
A (top 'left) represents the way In which linnologists have traditionally worked 
tn the past, through develqonent and testing Sf conceptual hypotheses. This 
•bo^ is a .onpendiun of knovledge, or suppositions, o^ biases', that constitute 
■■•wh,« everv llrmologlst knows." .Box.B (top ri8.ht)-i4 a fairly, recent arrival , 
on the scene,- i.e.. -onputer nanlpulation .of svstens of equations .which can 
be- detemlnl^tlc, stochastic, or a fixture of thfe two. . We coujd spend 
111 day of ?his 2-day workshop defining Wous tjrpes of •«dels' and what 

triev do. , ' ' 

tj-^re is jlso a third*"aodel" or source of knowledge in box C, i'.e., the ^ 
're,a U^. providing a diWt .^enue 'tpjcnowledge through what Clair? Schelske 
referred to as deS^xiptlve studies. Classical llnnilogrhas bceh largely 
b.sed on . conbinatiorv of desc^^iptive study results and.concyt.tu^l hypotheses' 
'dVri^ed .'rcn those rwults. Therefore classical llnnology" is represented 
' (5v t!,rho< pair A-C, whlle'box pair ^B-C represents fii'J, recent em^rgfofce of 
* wh.t we .^ight r.,11 nathenatical ecd>ogical l^nology. There are V8r^pu;j 

interacting arro-.S betv.en the bo.es. The dc«.golng ar^gws ,lead to improvement 
in exper'icental desigf, either fron concepjlual o? nuyerical' modeling,. The 
up^vfaZ-rrk- on the left' feeds fro, the dal£a b.1se. t. the cottcep.<ruaJ hypothesis 
Via 'the right -a>.c^ng arroW, M,e dafa base, provides verification for the _ . 
nath;.Ttl..al nbdel, no.t es-.ential to ^.est'the nodel'^ «,r-th'and to rf^prove it. 
' ' ' This leads ne to the third platltudi,xpus_ statement ; J>YGL- haa,provJdea 
.n,.,np,r,aiele'd data t, i« spite of what' 1 said about lnstru»^t3 this 



fyl.g the models, and so on. We ^.ust walk befo«-we' run,^and we Should 

' * 

8ot pronise coo nutb. , ♦ i ^ - 



Introductor:. pluitude : L ikc**svst.c- U n.*t ded lo issc-ss .osts> ot ^ ^ 

rtot Cikin^ ~ in^>;ertint actions. . ' , , 

ir»e aviilrltr )nd cr*T furf^ boxes; ^ " ,* ^ 

^"'1' r C"i ^D^- ^n-;^Mf.>r ^..ni nil! .if.Loa of b ^ 



strengthening . 

irprovvncr.t cfj ' 
♦*\pt>rinent il design 



3 



]] 

' :o"i ; or and t<pe r 1 n t ^1 in " er /.o t i o n -riodfel 

-3 1 vt-ri: i' ionM: v / "-^ ^."/'^ ' >th rough lii*r^?d- . ^verificatipn 

h'vpcthes-c^ »pcriSiru viadowb, vieldlng ^(essential) 

c* ^ tfie "diti bise" C " 

' ' \ » < ' * * ^ 

^' ^"y_*^_'-^^j^^>'^' podoling under pn-^e <purpost> v^s use the lat^e 

Jatj D 4. — already available frocr CclW antl othvr sources and laier to be 

providt'j by IlTOL-'-to tefiC and ^^rfe<^ nusieri'-allv predict iv^e sjTie-nes,' de- " 

signed in a. In particular, the hit/ierto unsurpassed physical data base was to 

b*i .Q'toan"d rfi^j biol<j>;ltal dat^i Co predict production and species's f.onpet i t i on^ 

in given b.ydrvdvn inic"' reglnes ind wi t n ^i vin-^npu: s of r,adiation an4 nutrlen^^f. 

ip Kcd a i/ f 1^ 1 K les : It too earlv to a^^sess the degree of success 

1 'iloved" under 3, 'iut " l^-jsiv. il >,innolo^> (b^ A founded on box C) suggests 

* » A u ^ 

that, Wfiil<? iiydroJv;>-i'-ii -odelin^ r-,* approachloR <i iJseful operational stage 

>^iven idt'qu.ite rout ine' updac ing' f run C, l o"ibin.iciorip of ph;«»lcd;l models with .f, 

t the pr^M'^nt, p^inltlv«i MoIorI^*/! Dcdels t<j ftJrra bp'erat ional ly predictive 

</hoK-sv^fe^ri -^odtls vlll t^nuoi^nter severe ^oci|Moy, 1 1 les and will therefore be ^ 

df^la^^edT Two' e<ar:ples of anticipated tonp^exities ar<^ given (Mortimer, C. II. 

(197«>, t ont*r4butioif tu North Atlinti Treaty Organl2rit Ion Syaposiup: ">todeling 

of Marine Sy^ten^," r,lc^,vi-^ ;j»;iJt>-^...'/»^ , one arising fr<*> the , 

episydi- 'n i*ijro of^T^ej^^anlc il forrirrg ind^'ho ni^nlifiear cua r«j<^tt r 1st Ics of 

• lo..aii;:c'd' shtt ir-f low insCibillties'/ jnd one arisfng fm -witches to new 

* -}et ^ ot biolo>ii<. U T>pe<:les, which .o^^only o ur when a lake 'iystem Is ; 

f » 
highly perrurbed md w'llrli rhf envlronnental ruin^iscr ibove^ a 1 U needs to^predlct. 

3 .* Lines "future pr^grj^'^^ In so 1 1 e of (and be i u se u f j t tie- an 1 1 c i pa t ed 

<*onplex ities , develop'^<-nts In box B unfinuti to be pursued. Rapid progre-^ 
■Jttuuld not prop i-jcd/ but the best hope _pij. advan* e lies In a successive, * 
t-?u-step, 'p^'^tMtri.-jn U/c iter it ion (nudeMng/ver i f i < it Ion) w^£th h'Ard work In. 
hotki bo^t»s. AKo A/B Interact l'->ns <,n\ be more fruitfully festered, avoiding 
pres«jnt signs of elitts.i itx both cmps, with K calling B "nirlve'* and B call- 
ing A "nunerirail/ JlUt<rate/' ^Fleld Interrogation and window design (new 
in-itrunents, bciJtter r<*solutlon In tirte ind spice) 'In C also need strong and 
t-dntlnxicd HupfJor't, balin<<>d against support of A or K, fi»r If nunagenent 
of nat'jire* is an obj^rtLv" of nod^jli'ig, naturr Is the best sourte of clues,^ 

• *»hort cats, and tests. 



Udder the fourth ^^Idtitudc, I/will talk ablut anticipaSCcd difficulties in 
both physical* and e<rosvstein nudel£ni^# I was sifrprised to hear Claire Schelske 
say that '*big science" had not included ecologjS-^ The Inter'national Biological 
Progran provides an exacplc. Ic also provides cxte^jjl^-s' of^ounter-productive, 
elitist <.onf rontations, treated m the f*nal paragraph of the table (platitude 

, ' ' / 

> Sorje classical limnologists have called si^stens aUtilysts naive, and sysl^s 
-^nalysta havtv regarded cUsslcal linnologlots as nunerically illiterate. Waile 
there no^ soneCiffes be truth Ln both tho^e a*.<. usat ions , it'*is nore Importafit to 
recQ^oize jnd to screRgtncn the InteracCions between boxes A* and B, as well as 
tbe inport in? nodelittg-Verif ication , i.e., S-C ^interactions alread> sentioned.' 

I nxrj Rive- Cin platitude. A) tw^ examples in which A-C or A-B interactions 
,otild be p-r<3duLtlve and indeed essent,ial*for progress. The first is' a' physical 
exanple, ^.conceptu^jl A-ty pe ja odel of winder! veti notions in a snail, stratified, 
lake (fig. 21) t. in which vii;|^d-drag-at the surface noves 'the surface warm layer 
tu tht ciiowrwlnd end wf the basin. /A return curnent forras jubt above thertherao- 
cllne and, if the re^ltant shear^in that layer exceeds a critical value 
atihociated with' a Richardson jiuinber'of 1/4, the flow beconies strddenly unstable 
and large vojrtices forra. The return Cfirrent acts like a carpenter's plane, 
eroding the sub Lherjaoc line layer by en'trainment and intensifying the therno* ^ 
rifne gradient at the.downwind^end of the basin. The "shavings" of mixed water 
jre '^arried toward the upwind end b^ the return turr«rK, yielding the observed 
f'ln-shaped distribution of isotherms. W^en^the wind stops and its stress is 
removed, the preexisting and -the newly fornied flayers undergo redistcibut ion . . 
ac . oiafi'inied by a secies of oscillations (internal sci^rhes) to new equilibriam 
positions. I » I . , 

The irAportant point about this conceptual model — yet to be verified in 
detill,^but^ obviously describing observ^d-^C£Ltures — is that the final depth 
and shape of the Aenrfocline depends not -only on what happened in the water ^' 
.olussn at that statioir, but ,njore -iiaportantly on events, e,g. , flow instabiiities, 
el^where in the bd^in. But" presenMy available physical and nathematical, morfe/l 
of therraocline formation and entrainra&nt are one-dimensional and therefore 
of limited use in predicting ddfv-to-day developnenLs In a lake. 

Tl.e overr Lding, iQpurtancer bl? the Kicl>ardson rxumber and the, noniinciar 
nature of the "explosivre" change from stable to unstable flow when that number 
falls below 1/4 iy l^ustrated by an IF/GL example froR5 Lake Ontario '(fl^. 22).^ 



^ Boyce, F. M. (1974), $omu^aspects t>f Great Lakes physics of importance to 
biolo;;jicai and ( henical. processes , 'Tour^ial of the F'sheHer Beceai^h Board 
Caruxda 31, pp. 689-730. « * , 
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t, N • ^ ^ / . ** 

i. 

' 'Cjirrent nt^tiiC:* aini Uur rROgr«ipt>« ^^Te placed 10-. 15-, 30-, and , '50-0 depths. 

* .V *' 

Che^ftnd "Atr^^. (attern.itii ot Uurrlcantj Agnts) was conput^eU. With rising 
/ wlndr^CteSs at tho sui*face'» thy current velocity bfe'gan to rise first at 10 n 
< -^til tW.velocity difierence between 10 and 1^ n depths exceeded a critical 



- value f at -vilitch tl^ne the tehperatures at thosertrcftJVdeiiths were suddenly 
; t'q<ial£2^d,-' Tt i,kgni£'icant that thi:> equalization took place vhen^ the ttean ^ 
• Rtcha'rd:>rc>fl nurOjer >etwwn 10 and 15 n had fallen to about l/^,^at which point 
tailing o^<urr-ed fi;>^i aotnentua was then transferred to deeper- layers. Subsequent- 
ly the sarae.sequofteTf.was rej>eatod between 13 and 30 ra. Ihis is a beautiful . 
cxanple, ttte first ftS'lts kind, of the downward transfer of raoaentun, clc'arly . 
snov.in>^ the rel^tioashivp, b<?tweea >>h43ar instability and. mixing.^ 

IT^c second \bla^iiia"firtg <-xariplo ib aji extract fron Lund's aany-ylar Study 
ot tht> spring moVeaj^e in 'dl'atoVi . C t. ' O population in three neighbor-' 

, l.ik^ bds->$t« vith sirv'Udt nutrient input, but considerable differences In 
fTaxinura de^t'I ^tf.sthwai te «'att;'r,' l3 southern ba&In, Windernere, 33 m; norths 
' * trm'hisi^n, U»nd^r»-nart? , 65 q);. ' In noa^t years, a simple silica-limited ftodel, 
. 't/i^h y^c^k.^ KHe pr,c>p«rt lontrl to basiiudepth. fits the ubservations very well^ 

iltepj MCW'^ pi>pu.UtiOK, j^ows .3 log,^phvise of growth that terninates when the 
»' , -vi'ivtcd cwaci?ntr>Jtion ha^ /.illefc'/to about 0.4 mg/i SiO,. Growth starts earliest 
x\\ tbt' s{mUow«.'SL and, t^U»J*t i'n tV deepest basin because the average light > 
^Kpxj^iVi^e^dj' .1 dlaton cetlti-i propp-rtional to 't'be ratio of the depth of light 
.petjecratlon t» the dept^a. oi'j^if -waVet colunn^ which is well nixed to the 
.h6tt^)n..it> all' three- foVinliis 4C \\\^x. tine- of year. This is the simple depth- 
.<<;o)3stcoiied. nut^ieftt-iioUed raodi*! proposed by (.ran in the 1920's to explain 
''^ t^te seqaert.,v of .spriog'^diaton-^o^uUitioil''peaks^ in the Norwegian Sea and later 
• u-^ed by «J(foy*foV U.S .v o<5a^cal waters.' 

^ , There are* exrnpt ionat years, houever< in which the simple model fails, asf 
f..vr e^?c4npats in.one cafje ifisthwaitc, Vater during a^ a result "of ftijigal 

pdpaslt-lsra of A'*:/. -^'^.^J?,; ' : , ,rfnd in Jt^te northern J>asin of Lake Windermere during 
' *. probab'iV bf'c.jpise of lack, an essential but unknown micronutrient added 

' top the lake'^uPin^ year ^ of norftvft^Or above-nQrroal rainfall, but lacking In 
'y?ars of 5pViKg''drotif,bt'' ^en th-G spring flood eventually came to Lake 
\j,v»indeVrat:3;e i'A'X^AB^ nornal diatom gr<ywth w.-^s? resuned but. with a 2-nonth del^y. 
i Vhu; tatii^re ot abo -SltJiplje^ r^.ydc-1 in Llieso two cases nust be attributed to bip- 

1 lojjfcai V^wi^i^i^i tit's yhicj[». are cot, ilnc<5KKson,.. in one case due to parasitism, 
'j^^, .-piatVUs'Uiff tcuit; JLO predi<^t in a det^tCiintsti'c' manner and in the other case 
'^^'S^e^Q-k the'':riisult of poordy ufjd'^S rs £o<)d mechoni^ms of cell nutrition. 

\AiA , i . W ;."a'. ( I '?50 ) , S tiK>t e{* bn V T'"*' ? ^ > fja Ha s s . II. 

• ' - ■ ■ ' • • tcoluv^ 38, 



, N'uf.Vtent dRpleHorn- 3nd>.the Bating maxj<tum, '-"'^r^u^ 



* Thctfe*{ijCulUritLe* can ai$?o*.bo instructive^ fox 'vould-be^ lake sy?ktem ♦ 
' ' />■ .»*'* » . 

;^*l*ers.. /During tlm yt?ar of failure of -the s^n^le nodel i,n Esthwalte 

Watec. oecatisc of 'paraaitisa/ othe* dtd^toas took over and &rcu in place of 

<the jftita«i€ized Ast^r.'^r.c^U. This iJiustra^es a^n ittportcijit property of 

laket$*y^ter5s\ well' k;;ovn .to liano^ogis&f boV ^ (taDl^ but not* 

sufficiently appreciaceU by systeas* ana^y^ta in box B. namely, the fact 'cKat 

gross perturbations of the system coriaonly rervove -one set of actor orga^isn^ 

fron the sta«e» replaci^jg there (^ItJba different set. ^ Unf orcunataiy, faodels 

CO priedi<.t; the effWts of ^erturbat Iqjig are pr^ci»«ly what tafce nana^ets . , 

need aost, but it seens ihat this Is'^thti type of model wIiX<*h^will be CKjfs^ 

dift tcult*' to giveiiM3, ♦ . - , ' - \ - 

•H,esolution of Ehis'djff icuUy ami'*the interfacfng of^th^? ve^y dif.ferent 

•ttae and space blalc^ of Iiydrodynara^jcal ^and biological ta^^l^'^ouid be oq^ 



» of Che pritae post-lFTGL rescar^h^argct^. 
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1.7.l\ Kcsponse - ^i. F. Lee " . ^ 

^ l\ave chosen ta use my alloted Cliac on the topic area of Sioulation of 
Envlronaimtal Dynamics of the Great Lakes to focus on thos^ aspects of waC^r 
- quality sitoulation which 1 feel slbould receive attention 'in- the ianediaCe 

future. Noytteinpt; will be nade in this presentatTbn to detennlne what agency 
or a&cncles «iould focus on these Woblens; instead, the problem areas will be % 
outlined aOd w-iefly discussed. \ ' ^ ^ 

Fron an <n^^rall point of view)^ it Is important to ^enpha^-lEe* that simulation 
f or modeling has definite place in, research on^"and management of water quality 
in the Great LakeV The Great laked, like many other bodies^ of water, are 
experiencing water s<iuality probleias^ due to excessive^dlscharge of ofi&aicals. 
Chcsileal problems c^n, in general, be coispartnentalllzed into three approaches^ 
defining the sources,^ fate, and significance o^f specific chemical contaminant^ " 
for a given part of oi; the whole of the Great Lakes. Each of thes^ compartments' 
can be formulated into\ relatively simple models which describe the overall 
transport and transfon^Vt ions' of the c'hemical contaminants. .^Further, tor each 
of the m.jjor chemical spec ies, models can be developed tfiat demonstrate hovj 
these species interact wiVh various parts of the aquatic ecosystem and, there- 
fore, how a given concentT*ation of a contaminant could affect water quality.' 
Models of this type serve As fratneworks to compile existing information., thereby 
pointing to areas where additional work is; needexi. Therefore, such models 
should be developed priar to initiation of any research on the problem. 

Further, these models are extremely helpful in defining possible manage- 
"ment alternatives and benefits to be derived from certain types of mana^geraent 
policies for chemical contaminants in the Great Lakes. The, work sponsored by 
the KPA as part of the IFYGL studies on nutrient sourcesf. transport', and 
cycU-ng within Lake Ontaric^ is a prime example o^ how such modeling efforts 
cin be used for water quality management. The overall objective of these 
studies was to determine yhit" benefits might be derived from the removal of 
80 percent of the phosphorus from domestic waste waters entering Lake Ontario. 
The sources of phosphorus have been fairly well defined, and studies have been 
conducted that estimate the amounts of available phosphorus entering the lake 
from ea>^h source. ' 

A major modeling effort by Thomann and DlToro of Manhattan College i^ on 
t^e relationships between a concentration of phosphorus in Lake Ontario water 
and the biomass that would develop in the open waters of the lake. Wlien fully 
developed, this model- will provide a technical basis for estimating the decrease 
In biomass of piinktonic algae that might result from an 80- to 90-percent 
removal *of phosphorus from domestic waste-water ^ources. Discussed below are 
* other are?is of water quality modeling which I feel Should receive attention In 
the near future. ' , 

At present, several individuals are d^eveloping what might be called 
conservative element models. These models enable researchers to utilize 
current rates of input, future populations projections, and the miking character 



ERIC 

hriimnmrrriama 



.8 0 



of the l.ik<» in oak|ni? fc^sunably accurate predictions of concentrations of 

elenent§ such as ^hlorldti. Modeling efforts of this type are relatlvelry sim^I^-y-r 

because they deal vith chesiij-al compounds whlcfS^afe nunreactive in the system ^ ' 

4nd , therefore, fo^rus on dilution of the naterlals added to the lake. Th^ 

ability to predict an open-lake corjcentration of a particular chenical species 

is directly dependent on^che reliability of input data, the lake nixing 

characteristics, and che hydrology' of the lake. 

There is peed f or^ addi t ional .woi;k irr this area in order to better under- ^ 

»C*ind the ne^arshore aUing processes.' =>For exanple, it is often :>ald (without 

any technical basis) chat at certaift tiraes of the year the thenna^bar represents 

a' significant barfier to ^JlAing bt2tween nearshore and offshore waters. However, 

wjien one OAamines the t.onservattve element composition in these waters, both 

for" periods wtien tht ther:aal bar is present and when It is not, one finds that 

the t,oncentrations in bqth water areas are approximately the same. This 

indicates that the overall rates of transport of chenicals and* water between 

r 

the nearshore and offs^hore areas ^re independent of the presence of the thermal 

Ihc open-l^ke eutrophication modeling efforts, being conducted as pajt of^^ 
the KPA Chej^ilbtry and^Siology Panel activities for the IFYGL studies on Lake 
■mtariu, arc pro,>5re'»sing well. In my opinion, the models being dev^oped by 
tie «M.jin^att.-^ College group appear to be of sufficient technical validity to 
warr'int further najor efforts along these lines for the Ojther Great Lakes. It 
dhould be noted^at this time that these eutrophication models aife for the open 
waters of the lake and du not consider nearshore processes. Also, these models 
do not presently relate total phosphorus flux to the lake's response. They are 
based ua a cuncer^tration of available phosphorus i.n the open lake water. 'In 
order to 'Jeterraine the relationship between amounts of phtisphorus entering the 
lake from bqth l,t5 tributaries and direct wastewater inputs and the amounts of 
phoj>pUotus tliat will eventually become available in the lake, chemical modeling 
should proceed simultaneously wf|th eatrophication modeling. 

Of all Great lakes water qu.>iity ifodpling efforts, probably the most needed 
today i^ Uevelopment of a Jiea/sho.re eutrophication model. Such a model would 
.iemonstrate the relationship between nutrient input. from tributaries or direct 
.'waste Inputs and tHb grpwthr>f attached algae such as Cladophova. Lssentinlly, 
no significa^nt progres^ has been made in this area. Yet, this is one of the 
most si9uifi<.ant wat^r quality problems in the slower Great Lakes. At present, 
it ^6 ti^posdible tp predict with any degree of reliability what environmental 
Impat t reHiit ing the phospViorus input to, the nearAiore waters of a given region 
Will have on : t udoi hi r* i , One of the problems that makes mpdeling of this typc 
especially difficult is that a key aspect governing the growth of these algae is 
the hydrodynanicp of^ the interface between the organisms* holdfast (i.e., 
isubstrate) and Che overlying waters. Growtti of Ct-adofhurA is hot only dependent 
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on concentrations of^utrients in the water, but also on the rate of trans- 
port of these nutrients to the algae. From an overa^ point of view, I feel 
that the next najor IFYGL study effort on the Great Lakes should bjring the 
hydrodyn^nist , biologist, and chenist together to work on nearshore water- 
quality models eophasi?ing the Clado'^hova problen. 

Reasonable progress Is being nade today on oil spill modeling In order 
to predict the rate of transport of oil and gasoline. Further, sone efforts 
are rflng raade in modeling of drcdged-taatcrial disposal practices. Generally, 
however, taodelirtg efforts in this area ar^ hindered by lack of information on 
the short-tern, high-concentration toxicity of chemical species to aquatic 
organisms. The acute toxicity data that are available today are gtinerall> based 
on a 96-hour exposure period. For dredged material disposal, the excessive 
^ concentrations rarely persist for 96 hours. Instead, after a few hours, higher 

concentrations are rapidly dilated below the acute lethal level. Within a 
relatively short cirae contaminant concentrations fall below chr^onic sublethal 
levels as well. For example, it is known that dredged material dlsposj^? in 
« open waters results in a release of ammonia to the wace;r column. In many 
* instances', the concentrations of amaoniai will be ab^^fe the 96-hour LC^q. 

However, because of the intenaittent nature of the dumping practice, the 
relati\jely high concentrations of ammonia are usoally diluted, wlthih a few 
hours to below acute fcxicity itjvtls and wit bin a day or ^o to background, levels. 

It is impossible at this time to establish criteria for such a situation" ; . 
since we do not .have shorjt-term ammonia, toxicity data for various forms of 
aquaMc llfe.^ Data are needed on the relationship between the acute lethal ^ 
^ concentrations at various periods of time that match to some extent the normal 
- ratesi o^ dispersion that occur from a point soured. This same type of <fattl 
is neCjded for industrial and municipal outfalls Into the lake., < 

There is a need for models that can simulate (apd thuspi^^er some potential 
for predicting; the envlrohmental tlmpact of chronic sublethal effects of/chemical 
contaminants on Great. JLnkes waters. The 1972- amendments to the^ederal Water 
, Pollution Control Act require that by the mid-1980's, industries, and qAte 

I 4 

I possibly nunicipalicies, demonstrate why they should not achieve a zero , 
polluting discharge from* their installations. They will hav/ to consider 
^ technical ffea^blllty^ economics , soc:i»'jl desirability, and environmental Impact. 

The general problem that exists today and will certainly prevail in tl^e future 
is not one of acute lethal toxicity. Instead, it is one of chronic toxicity, 
impairment of the rate of growth, rates of reproduction, or other vital \ 
y t functions of aquatic organisms. Even so, there will not be ^ complete blockage 

of reproduction but prol^ably some Impairment, I.e., a 10- pr 20-percent reduction. 

It is higtU-y likely that environmental quality' litigation will raise ^ 
questions about the significance of even a 10-percent reduction of reproductive 
potential of a certain form of fish' due to the presence of an apparently 
excessive amount o^ certain chemical. Largely as a result of the current 
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relatively pt>or unckriJtandfng of euos^i^^taa functioning* at this, tics.e we have. ^ 
essentially jio ability answe-r thi» pype' of <juestion, 7f decisibms are co' 
be, technically souud, it is oarrdat&rj' that, efforts be n<ide to design ecosystea 
Q0del*8 to detenaiiie the significance of a certain siae wasted-nixing .zone whece' 
there is^an irtpalraent of fish reproduction in the *f isheries of the JLarke as * 
a whole, < . " 

^'the^c results would applicable net, -only tc ch«nical Inputs but also ^9 
heated-e^luent discharges frota electric generating stations utilizing ^ 
once-through co^oling. Each of the Gr^t, Lakes has a large .hc£t-a«siailative 

ity whereby waste heat could be added to the lake sTithout significant 
inp«i.naent of overall watea quality. There i§ no*<Joubl?7 however, that ' ^ 
it would be possible to add sufficient heat to the lake to affect adversely the 
overall lake ecosysten. At this tine, we cannot^ 4>redlct with any degree of 
reliability what the ultinate heat-assiaiiatfve capacity is for any part of the 

.G-reat Lakes. Therefore, raodeling ef forts »should 6e ini^tiated in an attempt to 
Jete^aine tnc inpact of inpaired water quality In one* region on^thc overall 

'c<iosKstcn. f ^ ' [ ^ ' . ' ** ' | 

, Currently sane progress is being maSe on hydrodynaraic twdels of the dls** 
pcrsion fvvr, i point source, such as A wastewater outfall. Probably the 
greatest su< * ess uf [Dodellng efforts in this area^is In connection with pre- 
dilttng the ^izc uf therr.al pUiraes fron electric generating stations. This can 
be don<^ tod iy w'ith a reasonable degree of reliability. However, virtually no 
information i^avail.ible on nodeiing of the chemical concentrations and*toxicit>r 
of, t ont<imln'anto in t-iie nearsliore zone. There is a need for modeling directed 
towar(f c/Coiainin^ the pliysic^, ohenistry, ind biology of nfxlng ^bnes for waste-, 
vater input to the Great Lal.es. From an-overall, point of view, such modeling 
of •t„henii..il ontaminants Is hindered by lack of information on the environmfej^tal 
cheni&trv, physical transport, toxicity, and/or stimulatory capacity <Sf specific 
chemical specif^ hi ^re^c lakes waters. 

Th'ere 'ire several additional study <^reas. Related to the questions^ of 

'nodeling of the water quality of the Great Lakes is the development of oortitbr- 
ing programs de^i^ned to evaluate changes in water quality as a result; of man's 
ai tivities. At the |^re»eat time, nu one has determined t»tie number and location^ 
of monitoring ^ites Jrfi the Great Lakes in an attempt to detect significant j 
ohang^j^'^ w.^ter qiAiilty. To do*.this in a meaningful way, a'y least orudc models 
of the expected response of the lake to v.irious inputs orust *c available. 

I feel NOi\A or some other agency should work on ascertaining the signifi- 
cance of marshes and wetlands to the ecology of the Lakes. Jtsome parts of the 
Great La*kcs have considerable area.5 which Interface witK wetlands or marshes. 
In marine systems, inarshe^ are known to be the primary source ofr nutrients and 
foods for larval forms of aquatic organisms. Yet little work has been done 
on the signific^ijice <if wetlands to the Great Lakes aquatic eeoaysteas. 



" AnoOmr iT*ii that sho6l<f -be'^consldered for possible SOAA a'cciviCi" Is 
developaent oi 4 data stor»ig« .ind retrievnl systew on Greece Lakes wficer. <]uality. 
The existing systeas sinply are either noi^uncCional or ^inreliable,-. These are 
of little or-T.o value in es:ab^llshing- vater quality of the Great Lak6s. There ^ 
is 3ls% need for periodic critical e^nina'tion of the dat* to 3«certaln whether 
Ihere ha:} been dny change in the water quality of the various Lakes. In* 
addition, safieonfe with a high degree of tec>.r.ical .coapeteftc^ should review all 
data going into ph6 storage systen in order to ensure their reliability. 
Further, sone pernanenL record should be kept of the analytical cethods that 
'were use<i to generate the 4a ta.^ Tfien sot^etiJ^e in. the ftiture, soneone froa 
^either wti;hio or vrlthaut-che .igency, can ex'anlne. the historic data and detemine 
whether or not -there had b^en real 'changes and whether apparent changes <^an be 
ascribed to changes in analytical proQddure^ and/or sampling techniques. 

Another aspect of Great Lakes^water-quality probleni studies which I, feel 
needs- <otjsiderable atcentiort is the diffusion of phosphorus source^ for the Lakes 
Recently c^rapleted studjes by, W. F. Cowen ^nd'nyself have shown that only a^ 
3%ill part of th^j total phosphorus present in tho organic and particulate 
^foms tjnter^ng LaTce Ontario froia tributary sources will likely becond avaiJable 
•in the Jfike. ^This ineans fchat ef forts to control urban' apd rural stora water 
^di'j.in^ge In cian/.pjrts of the Great Lakes basin would result in, little or no 
ici^rovewent in water qualXt-y because the najority of the phosphorus derived 
fron these sources is in an unavailable form. Th* studies of the type conducted 
by Cowen and Lee on ^he Lake Ontario Ba&ln should be expai^ded to all of the 
CreTit Lakes and include not only tributary but also atmospheric sources of 
phospliorus. ' 

There is 3 great need for a conprehensivp look at dredged naterial dis- 
posal criteria in order to determine what is ^he actual environraentnl inpact 
of offsh6re disp^osal.of contaminated dredged sedinents on the Great Lakes. 
TJiese criteria are of great economic significance to the Great Lakes. The 
current ban on open water disposad of dredged materials in the Great Lakes 
within the ne/ct few years will cost an estimated $230 million for dike disposal 
ireas. There are serious questions about whether ^is expenditure is justified 
fro-n an economic, or more importantly, ecological point of view. It is highly 
prubable tliat dike dispo;&,il systems currently being developed may do aore harm 
to the aquatic ecosystems in the Great Lakes than hove open-water disposal 
systcn§ used in the past. Efforts in theae'^ areas should be closely coordinated 
with the U.S. Army^rps of Engineers Dredged Material Research Progran. 
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1.7.2 R^'^^o-;^* 

I -fill f^pi^.i ' 
resoluttcn t: , 1 

and CCli'il'itiT txj^V ^ i 

' in c I * . 

per laps t I'lnr 



".,r ' i"**- '^4v*^ trix^cny," perhaps adding a titUe 
1 1 lUo consider vh»c a riodel is and vhat ic can do ' 
q'jcstic-ns 4bouc nodelixig and its relationship to , 
;*.viev. : have ilso det«rted vhal Dr. Mortiner called 

peouie :ond tv) stofi it t'.c idei o: «odeli*rtg and 
' -st-Pii^itt* endc iVor. I 'vould r.uher think of it^as &n 



Relu:in^ ;:icdeis to rest?j- ' <'tu. 2 3), what we are intere3ttd In iS, ►of 
course, » he real svsie'-. md ^fut yakes ic^icK. Froa the F«al s>ste3,.ve derive 
rc-d diti; fru"^ tne re^ii UaCa, '-c dvnvcVa deb«.r*pti<rc or couceptual Dodel. 
The -il fcedbtck loop has pretC\ nuch dealt with the^e conrponents: real . 

sv^Zir^, reil d.iM, .on-eptuil rOdel; or it h.3<; gotten to the level of a oathe- 
r'itiril rodei- .ibout whuh, itzer it nis beun pu-t on paper, people say, Ye^, • 
t'*ls i', fine, to look fight, etc." Again, going back through this I'oop' 

t.. K fiis hcLM r»-»eirth up until recent y<?irs, we are nov capable of testing 
"^latnt-'.ati* A "oitls in i verv inpersonal f.ishion. The value of the conputec -» ^ 
is *-h3t it pr VidJfv .n Irape-rsonal evaluation of your model. If it is^ no -good, 
the ^o-'-puc* r * -i /.^irtt tb tell >ou by prc/riding sinula t iom da ta . NowJ you have , 
sa-.etfiing- te' .'-ipirt wirh xhe real dota. It is usually not going to natch up 
vic-ii retl datixtht firbt tij^e. Wt are going to crawl before we walk, So what 
'io .ou d'^ ftvea' fuu '^odifv ^onceptiril. nodels , nathema t ical models, and staula- 
tion. Predi' t tvv f^illtv is sort of a spinoff. I think too nany "people are 
thlaklag m ler^^ ;f usln^ simulation as i predij^tlve and decision-naking tool,. 
MiVh*,' ve '-•ill th.ib kind of spinoff in the_fature, but the real va^lue ©f 
si-^.tiLiCion lb. f'lt of pruvidiKg tests for fhe c;onceptual models that have been ^ 
iovt loped over V t. .eirs. The conputer -.an also keep track of multiple, coq- 
,;lex-v,oijpied n.-uliritar interactions which are characteristic of ecosystems 
ind uni n r-onfuse the hunan mind* * ' 

' <ih<a is the role of sinulation? It is part of &he research feedback loop 
(fix. 23) ind evervbon' should be invo-lved in it.^ Ic jte-^Oong to have one guy 
X^:>irjg*out ind roUe. tiAg the dati and another gJvioin?> the simulation. Ideally, 
i'.uh rt>seir'<u'r .Itould be involved -in bcfcth parts^of this process one way or 
Kiiother b. ■ i i'-t^ it. prv>vides in inperson.tl evaluation of scientific concepts. 
If the ^i-^'iliti'-n i'M.-s not -T^it'Ji up wlth^the real system, you should sdy 
"hurrjy." T-iiar is tht hc^t Thing that could happen. Do not be downhearted or 
''5 17, "Lef-'N ♦^fifov it out." If U works tonpletely and matches up with the real 
sy'>^tm, .fo.ir is .] -nt, ami ,;ou hive not UMrned anything. * "You have the did 

' on epts; buU.vo»j 'i id • h'^n b* tor»>. If It docs not work, then you know sonfe- 
thing. The olri i^ori'ept^ ve^*. not f^tal Iv^^rrect . Now you have to find out 
whv 1; Is rlir Hir<nl t*ion d ita do nuL natch up witl; the real data. For example, 
ther«' rau-,r b«* >i^"tlilnr. 1 i- kSn»' in our understanding of the whole process of 

ir<i»lafi(m uf lii't's. It fl.^ slnuljtlon does not match up, it nean« there is 
sonettdng wrong witn t)i»' ■ o«. cptual nodcl^ A » oncept nay be co'Spletely lacking 




8:j 



76 



SIMULATION 
DATA 



REAL 
SYSTEM , 





COHPARtSON 

€\'ali;atio.n 



SimATION' 



PREpiCTIOfi 



T 



decision-making 
managkm'ent 





DESCRIPTIVE 


) — — ^ 


(CONCEPTUAL^ 




MODEL 


■ N 






MATHEMATICAL 
MODEL(S)- 


< ^ 




* 



h^'TK' -".jv ^o-^e ktn<l of n 'ni ir^Jnlt-ra^ t t..ikin^ ; 1 j<.<^ thit ire 
zio'i iwir»^ oi . On the other hand, .ujvhc th? rodel no K^'^>^J• '^h.il is a 
Do^^tHllit/, t)ut , jissuning vou hivo rfic<-k'vi the f^odel -uithfr-iti /jll-v, It is 
aolng vhiC you thinV it is d.^in| and Lhf re-ii daUJ an- V'^ri" I. ti^^n if the 
singulation does not vor^.. there is sonc thing wron^ witl. the .>nropt'ual,tp^dei: 

Pt;opl'» should not be vj'r^' '-onoornrd that^^up irf irrint; .^ut wl:h very 
'^rud" nodfls. !vontij!ll/ will idd t.o f^.en. Look vm w }MDp.''nr'd with £he 
rA><lobin r',olo<ul". firs't <hGy vorJ-.pd out .1 rr^id*-! wit'i 10-,jng'->v i*^'^ resolution, 
Ml'thov ,;ot WIS sore Si?, fianpy thing. All v l^no-.; nro^Iou^I/ w.is that -there 
WIS so-n" .)rd»>rin^^ of the nolt4<ult'. f.ridually, is th*- resolution was improved, 
wo wer*' i^'l*' a sh»rpi-r and ^hirpt r p^.^ruro ^ji the ch«;'»ical molecule. 

Here ve arc working^^lth a matheraat ical . You have to start with a 

rr.jde, low r^-sol.icion thln/r «nd vorV U>warJ ihc tu^Ji rt'S'>lution inodflw of the 
future''. You ^iusr r rawl before you'^walk and walk bc^or**. vou run. 
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1.7.3 Rcsponje - B. Ladle 

1 rfant LO emphasize scJac •►f the poititj that I feel arc really inportaat. 
* Prlsary ii the one brought up by Prof. Morttser tl\ls aorning that biolpgical 
ao&els-ax:<i cUcoical •bloIoglc<-l interaction pfo<:eai5es are poorly iipd-rsto<^d in 
cotri>arlsun with ph>slwal pro::e.-seb. Tac j eajson is tha: no strong t'.ieorctical 
foundation for biclo&y-and nontsquiiibriuo chcnistry exists, t i,pecj»ally in 
aquatic systeas' ' 

Prof. Lee's analysL oi oM: we^ke>t points in nears'or-i cheaistry is 
also veil taken. Effects of river pluses and water nass entrapment on -> 
biological systeas are inc<xapletely understo<)d. The sublethel effects of tqpcic 
o^teriais are soaething the oceanograph'ers have begun to look at, and I thinj^ 
we can take a key froni the beginnings of their research. They 'are beginning 
to look at sublethei effects of petroleun hydrocarbons' and pesrlcldes on soac 
fish and snaller organisn? in the ocearj. 

Looking back at Prof. Mortiaer's diagr^, what we need to do »is in box 
C, ExperincT«^^fejjitcrro5ation of Nature. That Is where, in the Mological 
^.ind cheaical aW^, have to expen<|*our greatest effo'rt if we are going to 
better understand the system, do not understand the fonaallzations or the 
functionil rei.itionlhips which exist betweec biological uJtake and sooe cheaical 
"^^species. Ulyat nerh'jnisns are triggered by certain perturbations in the 
biological systen? What causes a bloom to occur? What we will have to look at 
is sonethiftg on a higher frequency scale and a^ sfaaller spatial scale than was 
attenpted in IFYGL. . ' • 

As Dr. Aubert mentioned this dornlftg, the natural distribution^ and 
viriitions' in the'chenical parameters were not well understood in IFYGL, 
jl^hough analysis has just begun, priniarily because they were not collected on 
a fine enough grid and tine scale to get good relationships. Whatwe need to 
do in the stydv of environaental dynamics is to exaalne* the systea at a higher 
' frcquen'-v in a spatial scale we can handle. *^ 



1.8' DISCUSS l6^i ' . . 

^be;t» . levant ;o c ^^--Kint on the,lnU'rprtt4rion of Ln^irunr:Jnt<jl Dyftaaics iS a 
ritie used for the plenary work group sessions. *I con-eive of a =odel^ 
nierarchv -vith eavironrental ^ynaricb bt^ljgthc -qsi mvlusivt- leyel. Environ- 
r:er.Cil'''dvn-i'^iC'5 involves ih»j^xlnter^c-t ionji of 3ill r^^levmt prcrC'Sst.s. If a aoJel 
dl^^Vi" vcv*t'<irv*T., ^nvir:^rr\en: il d^- ^r.^\ Kl r t v p. Kour other 
iters are roughly equal biil one level be Vo^ or.-*^- i^-.rirs: vact? 

•%^ve-.ents, i'^uitU coolog» ^ nd % i itT qu'< K : , 1 ^-^ ^-^v- ere 1 .iter jctlons, 
and wner levels 'ind flo-^s. , So^vbod ♦.'1st voalJ p^,,: s. - i different 
nierir h> . A n/drclogis: siys '.'.drolog^ i-ulud^s ii=in i.v . * li'-nologis: says 
iianology includes hydrology. ^ It depends on the viewpoint as to how a s*tructur^ 
is set up, -but that Was ay rationale in preparlnjj the outHne. "Jo holds are 
■barred In the area ot "^n7ltonn??nnt dvi^mtrs', -sor should t:ntre re-jtriction$- 
In tne other areas. In sc-.e respects, aqJ.iti v v-lu^;v -^"^^ be ilrost as broad 
.15 enviroa-Tient il dynanics, but I thir.^ aquacic c^olo^. urD.i.sizes biologicil 
and :>^^er;iv -»1 Kspe»"ts nore thm 0*>vsi"^.il aspe^ ts>. . /' 

^rtiner . '^iil tnere be \n oppurtunitv for cne. s^oupb t^ get together asid^f 
fr<r/ the grou;; se'isic^ns^ ' ,(""'' 

Aubert. In I'w work<?iiop sessions. ^ 
Hortmer. Co'jli tvo vork groups ^erge it thev felt so lr\ 

\ub*>rt. Yes. \gain, in ^^tr.epl, cia'> --js stru^tur^vi naMtra^t output and 

ilso to rvdure groups to nana^^e ib It^- size . Unile people hive been aj^signed to 

w'*rk Kra>iDs, it is not ne^nt th-it evervbody r.ust rei-iin in th it one work, group. 
- ^ 

Sor-e inount of floating betveers wori^ group sessions night -ike so-^e sense 
>in that tVre is clearly over Up betv-een trte groups;' however, I ranni)t suggest 
hov one night flo^^r in order tu pjrti. Ipate in all relev-int discussions. Like,- 
visv, the .^h^ir-ion na^ feel thtt tor paro oi the %orrsi.op^ session it^riighc'Se 
.k-tir*tbU Li schedule a loml «ork groSp* ^'c^^ i jn . ^ 'h.it cfc^isim ^ * • 
viiroe left to th^^ ^fi.iimen. ■ ^ ^ 



1.9 LAKE-ATMOSPHLRfe BOUNDARY , LAYER PROCESSES OF LARGE LAKES - M. Es,toque 

For Che purpose of oy prebentatlon; I uill Jassune that the problea for 
this group is Che prediction of boundary layer processes over large lakes. 
The telfc boundcrry layer processes is understood to refer generally to the 
turbulent fluxes of "obaentun, heat, and Misture. You sight ask whether or 
not there is»*imiee<i, a problen. We know, of course, the approxinate behavior 
of.t'oe boundary layer over lakes; th^e is a problen only if one wants to pre- 
dict tne magnitudes of the processes core ar curately than we can at present. 
The accuncy &l this prediction at present is not high, in general within a 
fi.:tor of five, but sonewhat better in cases> when the thernal stratification of 
the atCTO&phi^re lb ae<ir neutral. Why are boundary layer processes over lakes 
import inft? They are inporCant Because *hey are Che mechanisBs which generate 
the stir face, waiter ^urrc-pts and transfer heat and ooisture between the lake and 
the overlying ^iir,' ^ ^ ^ - < 

The behavior of "^the boundary Layer over large laktfs depends prinarlly on 

' the. 4ini^a[lljJig synoptic conditions and the lake surface temperature. 'Synoptic 
conditions over the Great LakeS change, due to th^ passage'of cyclones and anti- 
i/yclonesr. ^ The chinge is sore or lessi regular , with a periodicity of about 1 ' ^ 

^Leeic/ Oa t^;e ither hand, the 'la^l sulfmce teoperiture |:harige« auch Taore slowly'. 
'The c-hinginR synoptic condit ions,* in conjunction with the lake teoperature 
•distribution, produ- e corresponding thermal stabilltv^changes in the boundary 

/i<iver. One can classify the thermal stability jcond,ition5, into three categories: 
unstibl*?, neutral, .ipd stable, the itn^ble condition generally occurs during 
the winter s^json vhen the lake surface temperature is partner than the siirt^ce 
air i:,so'-t»ted with tne large-scal^ prevailing flow. The neutral condition 
o-.urs when ;^e outface air has the, sane tenperature as the lake surface. The 
bt i^V^^oondiivn Oi-curs in l-ite sprijig and ea^ly sumraer when the lake surface 
is '-older- than the surface air. In general, the iiit€nsity of the toundary layer • 
pro. t'Sbcs over the like is largest ^nder unstable conditions and least under 
St ible conditions. 

It night be of interest to give an indication of how nuch the large-scale 
svnoptir condition can be^rodified fcy Lake Ontario. This is done with the aid 
of i mineri.al ;sinuLjtion of a- thernally unstable case. The synoptic condition 
whirh is sinul,ued is that which occurs during the period immediately following J 
the passage of a cvcione slightly no^^th-^pf the lake; the period is, therefore^^ 
' 'characterized b> a vt^erin^ of the wind from westerly to northwesterly over the 
lake. In order .to simplify the nu.neric,al integrations. Lake Ontario was 
r^Tlf *^<1 vith 1 rectangular la^e of about the same size. The lake surface 
tcnper<>ti:re i<» .issuncd to be unifom and 20*C warmer than the •large- ; f ale 
prevailing surface air. The simulated distributions of .^ir tenperature, 
pressure, and velocity (fig. 24-27) correspond to distrlbutionr. a^ter the 
synoptl'; wind has veered from westerly to northerly. FXgure 2A shows the 
air^tcraper.iture distribution near the Urth's surface. A warn pool of air is 
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• senerdtc^j'the^CentW. Is fDuth of* the^ lake center, close to the southern coast- 
line. '*Thl5 feature fs a result of tlie Wafning of t^ie air as it raoves southward 
icross the warn lak«^ T^iis warn pool is reflected as a low pressure area at the 
^surface as shown in the surface pressure distribution" (fig-. 25). Figure 26 
shows the suVface wind distribution. Notice the strong winds which have been 
gener^Ci*>d oyer th€ Idke. Sotice ^ilso the srtVong horizontal convergcnJP along 
the •'southern shoreline. 'Associa'ted with this convergence line is a region of 
upward rptiony. Hiis is. s!iowi> in figure £7, which shows the vertical notion 
field at about 1 kra above the hartfi'^ surface. On the basis of these diagrams, 
dne' concludes tuat the lake could strongly rapdlfy the prevailing synoptic flow 
pattern, dur^tig themally unstable conditio^is. Ic is, therefore, impossible to ^ 
dcterraine accurately the boundary , layer processes over the lake under these 
comJitions by considering only the lindisturbed^synoptic-f low pattern. One has 
to take into account the fact that the lake can strongly distort the synoptic 

f low' pat^tern, thereby producing n niesoscale disturbance whose boundary layer 
is different-fr?Jnmra^ inferred troS the undisturbed synopttc condition, 

^ The problem can be summarized with the aid of fijgure 28, We Envision , 

the problen to be prediction o'f the boundary layer pi^ocesses from the specified 

t undisturbed synoptic-flow, the, lake surface conditions, and the surrounding 
land-surface conditions. The crudest solution would be to consider only the* 
undisturbed ^^ynoptic flow without taking into account, the mesoscale distortions 
induced by the lake and to use empirical-physical t-echniques. In figure* 28, 
thi^ nethod of solution can be indicated schenatically by arrows which proceed 

* f rom the given boxes (synop^tic flow, lake surface condition^ land surface* 
conditions) to the predicted box (bounda;:y la^^er processes) through lin^S 

1, 2," 3, 4, and 11. In this case the feedback loop is not considered; i.e., 
lines 9 ind 10 ire disconnected from the lake and land surface conditions. 
The ideat solution should consider, the feedback loop. As indicated in the 
preceding p.-iragraph, the surface fluxes produce a modification of the atmosphere 
that results in a nusoscale disturbance. The associated boundary layer of 
the nesoscjle flow nay, in turn, prpduce changes in the surface lake and land 
conditTons, thu^ filtering further the original boundary-layer processes. This 
I onpliiMted' ch.iin of events ran be taken into account only by incorporating the 
^feedback loop. This implies th<it, lines 5, 6, 7, 8, 9, and 10 (fig. 28) should 
be t^ken into riccount. 

It is appropriate to "assess the current state of knowledge of the physical 
proces^»es which are remiired for the prediction of a boundary layer. In figure, 
28, these processes are those which are involved in empirical-physical n)odels 
(line 4) and the tnesoscale-physical models (line 5). Let us consider first 
the current state of knowled^^e concerning the empirical-physical determination 5, 
of ^turbulent fluxes. A common method for doing this is the so-calle4 bulk 
aerodymnlr method whi. fi requires the use of drag coefficients. The magnitudes 
of these toe f f Ij.ient'* are not arruratolv known. And one of the important 
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btudies under IFV(.L i<> to (iett'nnine the values of these coefficients under 
vaclous Qeteorulo|it <il cyndltiuns uyer Lake Ontario. One can*get an indication 
of the current state of knowledge of these coefficients by examining figure 29. 
This dlagraa inj^lc^tes the accuracy of determining the turbulent moisture flux 
by uslag a dr.ig ro*'efficient . Aa approximate value of the coefficient would be 
lf23 10 . However, such a value would seriously underest Lmate the tu'bulent 
flux ar lirgo values of ITiq. Tlie corftsponding accuracy of determining the 
turbulen^ hea: flux is IndKateJ 1^ figure 30. Again, large errors In deter- 
oining the heat flux with the aid of a constant value of the drag coefficient 
are expeuted. In addition to eijgxrlcal relationship? Uetwe^n t'■r^)uls^.t fluxts 
<.ni the nean ilo-jy un< c n also cs'tabl.'^h empiric aT relat icnshlns '.et-'e^n othtr 
bound 4ry layer quantities. An example of such a relationship Is between the 
Richardson number and the bulk Richardson i\,uniber (fig. 31;. The Richardson j 
nunber is often used as a paraneter for deterrr.lnlng, empirically^ turbalent 
fluxes. Ih concluding thu ^discussion of empirical-physical relationships 
between turbulent fluxes and the rjan tlow, one can say that current relation- 

* ships ar^ rather reasonable. However, in.ordJer to predict the boundary layer ' 
processes --.ore accurately, one should formulslte more accurate relationship^/ . 
The current rel itlonohips are erroneous under highly unstable thermal stratlfl- 
""cation and strong windy. More research, must be done In or^er to forraulat^'i 
satisfactory relationships under these extreme conditions. Hopefully, investi- 
gations-, under IFYGL Tilght provide Improved relationships. ''X,.^-/'^^ 

We discuss next the i urrent state of knowledge concerning the physical 
modeling of resosc ile flow (line 5 of fig. "28). This' is nonnally done numerl- 
..ally with tne so-called priViltlve equations. What are the current weaknesses 
in ph/sii il models of nesos^ile f low"* The inost serious weakness Is the descrip- 
tion of the efferts of subgr Id-scale eddies In terns of grid-scale quantities. . 
For .practical purposes, the irlnimum grid distance which can be used for 
numeriLal integrations of nesoscale model equations Is probably on the order 

■ of 10 km. Therefore, the effects of eddies smaller than 10 km In scale should 
be understood. Another weakness In the modeling of mesoscale flow is the , 
LnLorporat ion of terrain effects, variations In elevation, and roughness. The 
lescription of the latter is especially difficult because it Involves the effects 
of trtien, builiiin>;s, and sirallar Inhonogenelt les of the Earth's surface. Finally, 
there ire weaknesses rel.j^t^ed to the formuiatli^n of lateral boundary conditions 
ind initial conditlons- 

T(y* sumraarlze tlie .Important points in predicting the boundary layer over 
1 ikes, w*j need first to specify the synoptic -scale flow. The synoptic- scale 
flow is preJlttod on an operational basis by the National Weather Service. The 
ai f arac V of the prediction Is reasonably accurate. We can, therefore, assume 
that tlifi specification of the synoptic flow Is not an Important Obstacle in the 
bourtdarv-l lyor prediction problem. The Interaction between the synoptic flow 
ind the lake U also an Import int fai tor which should be taken into account 
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and large-ecale parmetcvQ (fi*om Elder ). 



Klder, F» C. (1973), Some results of direct me«isurement of Bofrcn ratio over 
an open lake surface, pr\>»ente<i nt the 16th Conference on Great Lakes Research 
International Association for Great Lakes Research, Sahdusky, Ohio. 
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i Klder, F. (107jJ), Some results of direct raeasurenient of Bowen r«'itlo over 
an open lake surface ^ presented at the 'l6th Conference on Great Lakes Kesearih, 
International A«iso.ci7itton for.Grent lakes Kesearcih, Sandusky, Ohio. 




for thp- lake distorts the synoptic flow, and_ the ^flstort ion produces a boundary 
layer over the lake which could be very different fron that deduced pufely from 
the undlstorted synoptlc-sc«le flov. Finally, the deficiencies which have to 
be overcorae In order to achieve an accurate prediction of the boundary layer 
flow arc as follows: ^ / 

(1; The specification of turbulent fluxes and other bocmdary processes In 
tenns of the mean floj, especially unfier highly unstable (thermally) 
and strong wind conditions. 

(2) The specification of subgM4-.3cale nixing processes, 

(3) The Incorporation of v,irylng , terrain elevation and. roughness. 
(I*) The formulation of lateral boundary and Initial conditions. 

In addition to the above Items, there are cert;iln observational deficiencies 
whlrh have to be remedied. Observational data are needed la,.i.oraula<ln^ 
empiric il flux reLitflonshlps as well as In testing models, IFYGL nay provide 
a^cfquate o^iservational data over Lake Ontario; however, over the surrounding 
land areas, we may not have adequate data, 

* lAmeia'u, A, ^197^), uvt'i> water aLnuspueric boundary layer profiles under 

various conditions of wind speed and stability*, presented at the International 
Association of ^letfcorolo^.y and Atmospheric Physics First Special Assembly, 
Melbourne, Austfajlid, J.muary !^-25, 197 A. 
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i.9*l Response - t>. D. Hougton ' ^ . * 

, I vill expand considerations for the lake-arrwspherlc boundary layer 
processes^ beyond rnat discussed b> Dr. Xstcxjue. Dr. Auberr referred; to enlarg- 
ing ^he concept of environnenta? dynanics to Include the zotal envlrosii^e^it. *! 
would propose the sase be done tiere for tho boundar>' l<jyer- iU^tiy , need to 
consider Cue plinetarv boundary Uyer over entire watershed areas, such as wa^ 
shcvn on the na? for the Like Ontario study, in<»cead"of just over the lake. 
Secondly, attention nceJs to be glvei: ^o a layer sjuch deeper than rhe "Sur'face » 
b^Qiiary Ixvcr. Dr. '"Es toque illudfed\.c :hls- deeper layer, but deferred 
explicitly ii> the 10--; surf.ice layer o\ly when discussing fluxes. With these 
cniargeaents, the icpcrcant nan-lake inc<?ra6tions can "bu studied, particularly 
with respect to air pollutior.. Han^s environr.ent oust Include the air we 

' breath is well as the water we drink. 

An toportant point that Dr. Es toque n,ide was thaP the boun<jary layer- lake 
interaction was not all^one way. ?Iany oceanographers and linftologists deal* 
with the atrsosphere' as the forcing function for the water. But, for the ^ 
atposphiiri, boundary layer, it can al|o be the other wav around^' *AtHospheric 
tecverature , gradients and t hanging static st<i^illtie^ due to wat^r t&aperatur^e 
Lan be important f.ictors In determiiHng the bourvdacy laver mixing process.^ 
If wd car.sider air pollution, the lakes nay act as an active-^sinl^. . 

The Inportant thing to note is that are talking about a'' tufbulenCe 
phenoimenon for nonhc/jjogeOeous situations. If the atr<osphurfe near the lake 
etj^e Is exaniined; ioi al circulations and other . inhonpgeneit ies arft* coaaon, 
nusing important deViatlonb froTi honogeneous and i,sptr6pic turbulent mixing. ' 
Perhaps the 'adjustments in the lowest 10 n art? relacivelv, r^p;^d and non-^ 
hortoj^eneous conditions '"an. b*j handled loc^^lly. For the la^et fra?i *to 
2 kra., it is 'not so clt ar hoj^-the boundary layeig response* c^m ^e J^^ndled . 

.Therefore, I would en. .our age further effost -to, get turt)ulenc« and tlux, da'-ta 
for, the layer fron 10 a to 2 km so that better stucfies can' t>e sade. E:?pt-rience 

, gained In the recently ronpleted Global Atmospherjtc Research Prograd Atia*htic 
Tropi'-al Experiment su.^^asts that a tethered ballo(;>n. syst^em might be jsuf ficient 
to provide ai tUj?l heat and noisture f^ux determination*" under various jsytjoptic 
cortdl Hons, . _ ' , ' ^ 

Dr-. Es toque indicated that we already know vertical fluxes to within &ne 
order, of tnagnitude, b-i5<!^ on simple turbulence models* and Chat this jjatter 
is under control. I feel that one order of raagnl^ude^^ not good enough; 
p irt ir,u],<irly for cases of extreme instablHty, a riore accurate determination 
of nagnltude is needed. , ' ^ t 

A» mentioned eirl^Ur, the Lakes are a sink of attao&pheric hit pollution. 
Thi? tnakes it important lb deteftnlne the r*ite <it ^hich the atmosphere is bringing 
the pollution to the »urfa< <r the water. This rtecds to he explored with 
cnph^isiH on the near lake*edge» areas. Sonctimes C[^e lake-edge circulation 



becoisfs . l^->cd s ;>.Iiution ^d\-Qct^'d ivay frcs jT trity say be recycled back 

^co*the area, l^iudi^/. lo '.»n*> <n n<<^- pollution Janger. ' » 

?ir. illc»,^ vitn refer»iave cC &v- 2les/Gre«it L-skcs boundary -livfirr effects 

involve n€:i.o!>c.il^s p vr.o-<.na vlth i depth or. -ne order of several kilosecers. 
< * 

■V'Jd to :ui5. 1 >i, n : : 1" in: diurn-il v iTiibilitv» jnd ■•v are in a sc-ale range 
wtier^. sht' u -t^*'}"' s »rd irjter jctions irt PQorU understood. need a such 
better dif afc*>e t^r prope'- stud, of ti^st- prc-es?>eSi I endorse Ted Green's 
onvfcp: o: Airj; 1? ,il or cntr.ited ob^ervin^; setup nestea within <j broader 
»'le netvor? . T-^ib wi '. 1 prvMc*^ noedcd ""esosujile duti. 



1.9.2 R«i>ponsc - i. HolI,r.d 

I v^ll endnt"''3te a J-'W tj -r.^ ih <t «I think» .1 result of our experience 
need to :>e dsic on :ht Grt? it Likes. IFYCL did ;iot properlj^ 
cover z'-e st:it>le sm^^ri i- fr, spriifi -hen tr;e. Ijike Is cooler th.in :he air, 
Tbf i^stru^cn^o ver^^ not i.nst iilei ^ .rlv eno'j>^h» the*, vere aot working veil 
enoug'' , md t,^e vtrtt »1 '■csol::!^". "ind verti'il ^ov^irage vere not adcqtiate, i.e. 
lilt airpiaat'^/dio nv.t K^'w enc-^ii, the towers were not nigh enough, 
snd we hjd no, tetnereU b^;]oon^ 5>c i^^.e I'nierval fro-^ ibout 10 to 100 n abov*: 
t^e I'lke vnere j bi^ irjrui'io-^ or urs betvecn 1 jke surface coaditioos -aad the 
,:ree atno^p'iere w.js -ot o*- -.e c«j . hid sorie evidence of* negative fluxes of 

2 -oistai^e ind^r.eat, bu: this is an L-nporCanC case thegrer ically ani dynaaicelly 

- - ~- ind fro*-' tnc starjdpotr.t or ooll^rxon (.il though It contributes little Co the 

lake-air trinsporr of neit ind w iter vipof because they are very near zero 
duria^; that seison) becau'^e ihl^ is one that n^'eds oore yt&rk^ It should aot 
bo done soon. We need idequate pi.it foms and lastrunentation fof tackling this 
probler. before i nev e'<peri-ent is done. 

..'o }d 1 pecul i.jj^ >e ir , a^ every year Is peculiar^ One of the peculiar 
tilings about tne yeir of IPt'.rL wis Hurrlcan6 A^es. Because the June- July 
period wa5 so severelv perturl*ed bv that» there is so-^e question as to hov i 
r.uch wo Tin generjlize an-, of tht results ,obrf:a.ii?ed in XrYXil. during that tine 
oJ Che year to other, years; ohvioijt>l-. * we need data ui other ytfar>>. V' ,^ 

.VyV r<lrtaialv ^ould get 'nUch firther ilong in underst<indi ng what u*e ^earned 
fron irV'-CU befortr we finilize the de|if;n oL-n prognn to check the appiic- « 
ibility of II-IlGL results under otperi 1 irge-sc ile or season<^l conditions?. 
^ff:rflariv, Laj^.e-Ont irio is Ti pc fillar liVe, but we /.llletf thib the field year 
for tfte CrAJit Lakes. It wa^ tfjj^ fieU! year for Lake Ontario and for generali- 
^ ZitJLon.of incl resale.^ to- the other lakt^s; it will again be necessar>' 

ptjesf thes«j* rpsult%'*on the ot^ter Iake^» ilthOugh tjiaybe not with a project the 
THignitii(f<> y^^ But -ertainly vho-n the IFfGL data have b^feen analysed Co 

tire point where v/e *n s ly whit lOtrnfed fcon in'GL, we should anticipate * 
vtiAl -will h?i founci In t?ic och^r' lakes ba^sed on generaliz ition of the IFYCL 
restilts.' ' Theaie ->ijoulLd Cben bu te9'ted bs, sui'f.ible observ^itions on other ^akes, 
nivbe not lU *-he ocher l.tko^, but «ertiinly hikes which <are different in 
i-nport mt respects. L^Ve .'il».hl^an, foV ti*Xu:nple» i-i elongated ^n the meridional 
dir**' tian instcuJ of tfie 7onal (Jire(.tion; therefore gradients "Hlong the axi-^ 
'of th'TL lake perhipH cannot be 1^ read! Iv neglected* as they can -be in Lake 
Ont irio. V < 

•riii need InTonation on the ncirshore 1 triosp)ierIc gradients. Nearshore 
lirtnologic<il gr,idlents h iv*^- been a mattpr of very great interest and have led to 
i.-pportint discoveries in IFYGL, but we hid' poor coverage on the atmosphere in 
tlte neir>ljpre region md the shore regiun. Wu lud ^good coverage on honogeneous 
inst ruftientat ion nl*ely expo-jed .ill over the la^;o* On the shoreline, we had f ew ~ 
' / stations. There wa& no .jttenpt to st md'irdi^^e the exposure of the instruments. 
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Each one had so-'e pe<^ul i ar luv il effects. There v6re not ^ough to establish 
/ the boundanrf condition* uf cht IdVe dr.d the Interplay of the aeteorology betvecn 
the loke and the l<jnd. What h ippens in the nearshore region in the atoosphere 
is still a cyster\' 3J» we trv to ^alyze the I'FYGL oeteorological data. This Is 
'1 suhfje. t that oeeds '^re work, and again it needs thought and suitable inscru- 
•nent'iCion in^ placforrs before extensive field work is <^one. 

The Cenier for L<peri-!enc Design ind Dat.i Analysts in the Envirorcaental 
D^t^ Sen.'ice of VOAA will be vTirking with IFYGL data to get nean values and 
- co nf i daxuA-Li:zits on so=e of the ex<.hange coefficients and to deCeroIne vhether 
sonc of the noniinearities of the coefficients ca^ be founds The evaporation 
gruph that Hariano Estoque showed suggests the possibility chat high evjjgoratlon 
rat^TS-'snisrrfnrAj a bl^i^rr "utf ficlenCn Al^, one of the previous speakers , 
showed 4 graph in whii.n a dr.ig coefficient of 3 x 10 was used, and linnologists 
tend to use nucbers? like this. Meteorologists use nuabers nore like 1 x 10 ^, 
aird we du not know the effects of the intenait tency of these phenc^ena on the 
rctJin vali>^;pf these voef ficients. One of the Chlng-s ve learned in^ IF7GL was 
ibout i^i^ li^emlt tency of the fluxes. We knew tfiat cost of the energy fluX 
fcor. t^~j..^fce ■uJ rJie air occurs in the fall season and that aosc of that occurs 
m a few episuijrs of a few d#iys each, and we found in IFYGL that^ within those 
' few' days, noiit of it occurs in a few hOUrs. We also found that it occurs in 
a an.ill percentage of the lake area. When a big cold' outbreak occurs over the 
. lake, it .turns the lake over and pushes all the warn water over to the downwind 
end of the lake, Lssenci'Jil ly o-ll' of this flux is Caking place in a short tiae 
in a snail space in the lake. Ivhat this neans in terns of exchange coefficients * 
in Fstoqije*-, '^A>4el is that, in addiLiun to the nesoscale perturbation of the 
atnobphtre, the per turinif ion of th^ lake also is going to effect these exchanges. 
We '^ay ur nay not be -^ble to learn fron IF?GL what we need to know aboCiC these • 
■nonlinearities , thebe internittencies, in order to evaluate the feasibility of 
nodelinp, nt;,ins over nunths, seasons, or years, or whether^hese have to be built 
up\statii.t ical ly fron the probability distribution of the widely differing 
states thit ouct^r. - ^ ' • 

Another thln>3 that will lnt*erfere with nesoscale raodelln^'ls the |(>osslble 
inpof c iti' e of ;snal 1 r*t'SO^cale or large microscale, tHat Is, the kilooetet- 
s«-ale structure th.it nay occur. We know frorg satellite pictures that lines, 
cloud«#, and strtak:> tend to 'oceur and that the^e things Jiave varying widths and. 
' intensities, sv thi** is going to make sone dlfferencfe in the exchange coefficients 
that ire Hied. Ihere is *ippar*ently structure on all stales, and^^YGL was riot 
ihlii to i-ope ^Lih the observational requirements of this kilorae^er/ s<iale. It 
w«is verv Kuod for I'lke^ ale. and navbo down to one -third lake-8p^<^^ but we 
dQ not instrunent>to 5-per<:ent lakc-sc^le in IFYGL,. There*^ is systematic 
behaviur urj this yf'ile, whli.lt i.-> essentially the scale of the nearshore transition 
zone. • . .4 , 

These are areas for further wark which I propose would need a high priority 
as a result of deficiencies in the IFSfGL progran. 
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1.10 SIMl-tATlON OF im,AT lAK^S WATER LEVELS A."D FLO^•S IS COl^^ZCtTSC 
C»AKN£LS - D. l>. Meredith 

The Great Lakes ?re the earth's greatest expmse of fresh water.' Due to 
the extensive derograp-iic and Industrial developcant of the Great Lakes region, 
the hydrolo^ic conditions of the lakes influtince the econos^ and growth for a 
-lajor region of both the I'nited States and Canadi, The woter leveU of the Lakes 
and cne flcr.Sr in the connectinj^ channels influenre taan* of thp activities on 
ind around trie Uikut*. Cors-serc ial navigation requir^b cert-iin ninisun lake 
levels jnd flows in the connecting channels tv provide the necess<ir>' ainisua 
4rjTc» Hydroelectric power generition requires ninirua flovs in the channels 
to maintain pover capacitv. Shoreline property nay sustain inundation and 
evoaXon daaage fjro= direct flooding during high water periods. In order td 
achieve the •aa^i-aun benefit fron the Great Lakes, they ciust be nanagcd in the 
nost efficient wav to achieve the obje«ctives of those who enjoy*^ ^^^^ 

To oanage the Creat Lakes water levels and flows in connec tin^/thannels , 
the in floes to chu Lake^ or the outflows fron the Lakes or both in^lovs and 
outflows muAf be controlled. In order to control tUe lake levels and flows in 
connecting minnels, we Tiust have a regul-jtion policy whi^h incorporates the ^ 
basin'i* hydrolog,% rugulitory works, ind polltic<il and Danagenent issues^ . 

The purpose here is to present. a brief- review of the basin hydrology and 
the procedures-'ised to deternine optiail regulation plans. 

From the conservition of rwtter princiDle, a w.iter bilinct equ,ition can 
be 'written tor each lake us follc's: ^ 

',S P + R - E + I - 0 + d'+ G, 
where .S is the ^nange in anount of water stored -tn the lake, P is precipitation 
on the lake surta'ce, R Is runoff into the like fron the surrounding land area, 
t Is evapor itlon ;f ron the lake surface^ I is inflow fron tht upstrean lake^, 0 ^is 
outf'lov fro-n tlie ^ake through its n ituril outlet, D is diversion into (+').or out 
of {-) tno tike, ind G is around witer flov,' entering (-*■) or leaving 
l.«ke. All viri iblcs >re fi^vpressed In the sane unUs in<3 f^'r the sane* period of 
tire. Obviously, mv viriible ".ay be equal to, zero for i I'd e where ft is not 
Pprtinent. The change in anount of water stored in the I i\ e t 'S, is a^p6sitive 
ino'inl vheiv s-^ipplies exceed renoVahs ind fs a negativt- anount wiien removals - 
e''cc'/d supplies. » - ^ 

Xho Tides ind 'vat<.'r Levels Se< tiort, 'firine Srionces nn<)ncn, Canada 
Depirtment of i.nerj»y. Mines, md Rosourtesi \itioivil Ort.nn Survey, '-lOAA, U.S. 
Depirrnont of Co-n'nerce; ind Ijetrolt District, i:.S. Arnv Corps of Engineers, 
Tniintaln water lijvcl g.'i^'.C'S on the f;rc »t LaVcs,^ rivers whl^li connect the Lakes, 
and channels In v^ilrh water Is diver'ttJrl into or out of the lakes. Change' in 
inofinr of witer st^rvd in a like i^ ralrulated fron ihu area of the lake and the 
nc>astired change in the el</Vatior\ of the water surf u e over a period of tine. 
The amount of InUow fron the upstrean lake, outflow from the iake through its 
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natural oud^^c, 'iud diver sloni^ into jnd oat of the lake are deterolned fxoD 
the water lerel re^^ords ^^u^ T.Jting "urves which give the relationship between 
the aaount of flov past i poiftC and the surface elevation of the water at that 
po i n t . > 

Precipitdition, evaporation, runoff, inJ ground vater terras in thfe equation 
above ,ire sonetines ^or*bin*?d into a single tern which is called the net basin 
supply (NBS) to Che lake. The wa*er balance equation can Chen be written as 

* 'S * .VBS + 1 - 0 + D. 

The vulut of* the NBS^ ter^ in the equation can be (Jeteralned as 1:he st^^of the 
preciplt jtion, evaporation, runoff, and grv^uud vater contributions Co the lake, 
or It can be Ueterrrincd ab the pesiduai- after the value of the other teras bAv& 
been dotenained. 

^ There ha^ve been nuserous studies of the hydrology of tfie Great Lakes and 
their subb^^in^.^ Buetikofer and Meredith (1972^ prepared an annotated 
^iiliogF^phy of ijtudles mado^prior to 1972. The latest description o^. Che 
hrdrologv itid hydraulics of the Gr«at Lakes s^stera^ including a discussion 
of fi.^torg tfhi. h 4ffect the water supply and the response of Che systear to ics 
S}i5^1v, was prep''.jred V. the International Great Lakes Levels BOard (1973)./ 
TLls slud., wi-tii /vo^yt ^f the studies on Great Lakes regulatidn> is oriented 
tow.4rd use of the :.US -is the* hvdrologic . input to' each lake. Each historical* 
NBS Viliie vv'i> rcnputed ,is the residual lifter the value of Che other teras in 
titc viator equation abc<vu had been determined. In addition rto the historical 
^'.u'iic'^. It tempt ? have been nade to develop nodels to forecast the NBS for use 
in refill ition tne Lakes. These studies are summarized by Meredith (1970) 
ind tho Intcrmt lonal Gre.it Lakes L^^vels ^Board (1973). ' • '' 

Junt in<> Jlereditl) fl972) deternined monthly values for precipitation on 
K'A li i»I<t', eviporit^ort fron each lake surfaf-fv, and runoff into each lake froo 
surrounding; 1 in<i ireas for the, taiendat* years 19^6 through 1965, The former 
eqtMtion i'> not. ^.itibfled when the precipitation, evaporation, runoff > river 
flow, mii . [lonRc in storage values are substituted into it (Jones and Meredith, 
1972). This indicates tnat either ground water, about which we know very 
llttU' in the Grt' It Lakes, should be considered, or there Is some other 
e/plmition for this discrepanry. ^ - 

Tht^ . onsidurat lun of the thermal expansion of water would change the values 
of the -S in the fornur equation and woyld have the effect -of decreasing LS for 
nunths whei) thf temperature i* increasing and increasing AS when the teiapera- 
tiiri- is de> retslm;. Recent resuitb indicate that,, for some months of the year, 
tliG tenperiture of fei ts on Like levels :rtc on ttie same order of magnitude as 
the "BS of the lake (Mereditli, 1975a). A step-wise multiple regression 
anilvbi^ indie .ites an apparent influence of upstream lakes on che precipitation 
in dovmstreapi basln'^ (Mereditii, 1975b)r- Fcfr j;{;j>fr^tl', a statistically signifi- 
int relitlonship wa*; ilerlvc'd w{ilt'h fridirates that the precipi tat ij>n in tBe 
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Lake Eric iJaj>ln during, June is a f*unction oi the evaporation from Lake Superior 
'in ^t»y and June (Meredith, 1975b). ' ' , * <- 

Litth* data exist .ccncerning gruund water contributions to tht Greit 
Lakes. The usu^l assumption is that it is Insignificant and can be ignored 
Clnternaciona^ ^reat Lakes Leveli> SoarJ, ^1973) . About the onl> data ar'e froa the 
work by H.ie^cli .(1972) concerning the northern shore of Like Ontario. Ground 
wutec coatributlcKis oav becor-e inportint^n terns, of water qualitv, especially 
if there i'? the practice of dl3posin^: of wastes into the ground water. 

Another conponent that will cone into play a little nore m terros of lake 
levels is the increase in consunptlve use of water vi round the Great Lakes. 
Increase In the anount of water that is taken out of the Great Lakes and not 
put back in will have a long-tera gradual effect on the levels. This effect ^ 
vtill probably be ninor i^ien compared to other factors affecting lake«levels» v 

Tiie development* of regulation plan is dependent .upon the data used 
md the procedure used to ^orsiulate the plan. The International CceaJ;-l.akeS 
Levels Board study (1973) used 'the monthly NJBS values for* the period, fron 
.JantMrjr 1900 t.> Derecrber 1967 as the "study .period" for the jegulatiop study. ^ 
The Sps values were deten:^ined as residuals after the other terms in the latter 
equation were determined. These iiist^orical NBS values weti? used to develop ^ 
opentional regulation plans. Additional tebting'of" the regul.itioa plan Was 
. conducted, u^mg f>8 Vuars of datti r.encrated bv a malti ari.itf node I . 

rhe river f loijs used wdre, those valu^ developed bv' ttie ;COord ma ting 

• cotunittee on Great Lakes Basin Hyd^uli^ and HvdroloRi, U'ua ^ (international 
Great Uikes Levels BiartT, 1973)- ' ^ 

* The current' regulation planb in operation on I .ike Superior and L,4 e 
Ont.irlo were b.i^d' on hindsigiit. A regulation Vl'*n wlarh would benefit one or 
•^ore iiiteres>t'; w,is established sonewh^it rbit r ^r i 1 v . t;.e ytTe^ts deten^uned 
oy comput Ing _^thf» re>uj.ti;ig levels md outflows that vould ort ur with t|il^ 
reguLttioa pi, in, if thu hNtorlcfd sequence of, :^BS valucM were to ot cur again. 
If the regulation plan did* not sitlsfv the obj-ective^ of i riteri,^ for regula- 
tion over the <,riti( il period, td^ustmonts were rr idc to (i'r regulation plan 

♦ 

and the adjusted rtigalatlon plan was tested. This proi *^s>, wis repeated^ until 
a reguLltif^n plan sitisfled the objectives or tri^eria o</t;r the critical ■ ' 
period (Intern itlynal Great Likes Lev* Is Hoard, \) . ^ * 

ihe Internal ionai breat Lakes Levels Roard (1973) u.->t;d d^nafiic programming 
jnd a sot^ebsive ipproxlrrirition' technique toMevelop trial regulation plins 
using tlic January 1900^htough Decenber 1967 historL <d sequence of NBS values', ^ 
IhcMc* trial reguiition pl<ms were then tested by using synttietit sequenu>«^ 
generated by nultiviriate node is. • 

Iieirhe<f^ ^the myrent regulitlon plans nor the best of tht* trial pl'lns were 
able to satisfy the criteria during a test run using the critical period 
1968 through l')7 K fluring whu ii time the threat I^akes Basin rt-teived ^xtreihely * 
large .jTrjounts v>f prec Ipii at ion (International Great Lakes Levels Board, 1973). 
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Even the use o£ synthetic sequences in the testing, of trial plans doe^ not 
indicate how the Cre.u Lakes sy&^tero will respond to the plans .under laore extreme 
conditions. Most attdnpts to generate synthetic sequences of flow variables 
ar€ aiaed af preserving the statist^s which a!re used to define tHe historical 
sequence. If the historical sequence of values does not contain the most 
extrene events that can occur, then any synthetically gefierated sequence will 
ZLO&l likely uot contain the extreme events either because the nultivariate 
nodel is designed to preserve the characteristics of the historical sequence. 
I know of no case in vhich a synthetically generated sequence of events contained 
—a critical period which was more extreme than the critical period of the 
historical sequence. > <, 

% The International Great Lakes Levels Board (1973) used a deterministic 
3pprc»ach to optiraiEation. The optimization was performed by using a partiqular 
acqu^ct of f la,ws;^whether that sequence of flows was the historical sequence 
or i synthetically generated sequence does not natfer. Lake Superior regulation 
pl-tn» hjivc- been developed by using a nondeterrainistic approach to .optimization 
(Su, 1971; Su and DeJLriinger, 1974). The inflows are treated ^as storhastic 
randoai variables, aitJ tiiib stachast,lL nature is incorporated directly into trie, 
opt^.'si^^ition technique. However, this technique results in'excessiye computation 
tines when applied to the entire Great Lakes system. A gfreatly simplified 
example tor a four reservoir case required 161 minutes of computation time' 
(Su, 1971). ' • 

Morris C197A) proposed a modeling procedure for utilizing all the relevant 
information in n niul t iobjec tive dec ision-raakin^ scheme to develop an optimum 
opentlng policy of the Great Lakes system. A multiyear linear-screening 
node! id *post}ilaCed to provide an initial regulation plan, and a simulation 
nodt'l is to be used to evaluate proposed alternatives. 

Other studies f.or determining optimal operating rules for multiple-purpose, 
nui tircber v^uif sysLems night alsw be readily transferable to the Great 
LaKfcs »/st«m. dnt- »u^h approach is a two-dimensional dynamic prograailing approach 
(Rood, 1974).^ . 

Much of the concern with flows in the connecting channels has been with 
dotcminin^ the effects of i^e retardation or with flow conditions at regulatory 
works. The itc retard-irion problem has been analyzed, using a hydrologic 
response model with stige-f.ill discharge relations, rather than using the 
hydraolii. routing techniques to determine the flow conditions (International 
Great Lakes Levels Board, 1973; Quinn, 1971, 1973). 

.To sum up. Great Lakes hydrology has been briefly discussed and sources 
of more i omplete information indicated. Procedures for. determining plans for 
regulation of lake levels du? to changes in lake water volume have been 
described, but changes In lake levels due to waves, tides, wind, and pressure 
cannot be controUed by regulation. . * . 



The Great Lakes system is subject to natural regulation. The approaches 
and techni^ques used In the past have resulted ,ln regulation plans which provide 
for nore efficient use of the Great Lakes than it there were no regulation. 
However, there neecfs to be furthe^r studies on lake regulation plans. There are 
powerful optimizai;^10Ti techniques which ♦could bt used on this px'oblem. There 
oust be some procedure devised to allow for testing of regulation plans for 
extreme conditions which are worse than have ever occurred In the past. 
^ We are just beginning to understand Great Lakes hydrology. We ^re just 
beginning to approach the problem from other than a lumped parameter nodel. 
The application 'Of conceptual raodels in the study of Great Lakes hydrology will 
be another icnprovcmcnt in our knowledge and understanding. 

, The.^dfiCision pjrucesses of any regulation plan require some knowledge or 
assumption of future water supplies to a lake*. Forecasts of weather would 
enable the extension of hydrol,ogic fcirecasts. Current skill in forecasting 
weather and related phei.oraena can only be measured in tenns of a few 4ay., . -^he 
International Grc-t Lakes Levels Board (1973) reports that, with 4-month perfect 
forecasts, benefits on the Great Lakes can be increased by one-third. 
We havt ji^st begun; there Is much to do. 
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1.10.1 Response - P. Quinn v . 

On the overall aspects* of lakt* hydrology, a series of models relating 
to the water quantity are afvailable. They are^*lra?ilcally mass continuity models 
where the ilows are routed through the system. The\m6del inputs consist of 
evaporation, precipitation, and ruiiuff, either^ indtViUually or considered as 
the lum^d teem, NBS. into the lake, tluU UaU'Wrudith mentioned. Also, the 
hydrologic response models that are now being used encompass the regulation 
plans for Uikes "Kuperior and Ontario. As many of you, are pfobably ayare, both 
of these lakes art* completely regulated by man. The middle lakes in the 
system, Michigan, Huron, St. Clair, and Erie, are all governed by their natural 
responses. Therefore models for the system consist of the . operational regula- 
tion plans foj^^upcrior and Ontario and the natural responseraodels for the 
rest of the system. Sever.il areas need a mu<ih l.irger input as Dale Meredltb 
has brought out. One is on the interactions lietween precipitation and runoff f. 
It has been pretty well dotumented^just by looking at tine-series relaTionships 
between precipitation and lake levt^ls that the lake levels lag. the precipitation 
by about 2 ^irjt. This is .1 result of the precipitation-ground interaction in 
whith the bisin reacts similarly to a sponge. However, there is a problem of 
qu.^nt:rtyin>? this , and using it as a typc/of pred|;rtive model to determine the 
Inputs intj the hydtPlogK response modela. In aJcfttion, as bc-en mentio.-'.ei 
i nt'St of cht^s*. h>drologic btudits m liti Gi ^at L.kes area, grourfd water 
has been completely neglected. Tlie reason for this is that no one has any 

, ideas as io what Us contribution' is. A study is going on now in relation to 
inrCI. which niv give sone insight Into this problen. 

One. of the tilings that should be mentioned about the hydraulic models is 
that they also serve as i major input in water quality nodels. ,If you want to 
know Jjow nuch uf a constituent is coming into oi^** ',ke from another pn a 
voluraetrK basis, vou li »ve to know how nuth watur Is coTsing through that system, 
wtiere that witor is coning fron,~and where the water is going. ThiSjis some- 
thing that thq, hvdrologii models provide. In addition, there are hydr^iulic 
trinsit nodels and stendv— itato mad^ls of the connecting channels. At the 
current time. 1 have models tor both the bttruit and the i>t. Clair Rivers. 
rhe:>e~moJtlj, have is Caputs the upstrem and douTistreim hydrographs; for example, 
tor the i ase ot the Detroit River, !.vdro^;raphs tor lakes i»t . jClair and Frle are 

SUS?d. With the«*e as the forcing functions, river flows can be .computed on an 
hourly babis it about *our or five sections in the Detroit River. The impor- 
t in. e ot thi, St ige-dlscharge relationship has been brought out earilei . U'ind 
tide ind seiches on Lake Lrie oan c^use flow variations coming into the lake of 
lietu\tn J,*<)0 lad 9,100 I) ot water. This type of variation can occur over 
a IJ- to 1-4-hv^^^^e^od . It what is happen ing biologically or chemically 
is being rsonitored during any of this time, it becomes necessary to knoH how 
nuch witer is c.ining in at ariy particular t ime. We have/Dscd nodels irj several 
studies? One studv for the Great Lakes Regional Office of the International 
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Joint Cooalsslon used the Detroit River model In conjunction with Its chloride 
data to conpute loadings and to deteralne the effect of river flow variation oA 
loading and on the representativeness of the saopling as reflected In Detroit # 
River loading. 

Looking toward the future, one of the prerequisites for a bettec hydraulic 
aodel uill be more accurate discharge Infomation. It cooes back to the sane 
thing, a model waa formulated using the equations of continuity and notion, and 
now we want to calibrate that nodel. But, to date, all we have Is discharge 
Information which was made basically at one point during a United time and 
usually aany years ago. wTiat we need to do Is to devise a measuring system and 
go out and provide additional and better" discharge neasurements for the river 
models. To Illustrate the laportance of the river model, for Lake Erie 
approximately 70 percent of the water which cones Into the lake enters vta the 
Detroit River, and about 70 to 80 percent of the water that leave the lake 
discharges through tjie ^Jiagara River. Therefore you can see that slight errors, 
in the computation of the river flows can create considerable error in the 
water balance and consequently in the chemical models. 

Looking coward the big picture many years in the future, I can see, and 
this is a suggestion which has been brought up several times by Dr. L. Bajorunas, 
that one of the important aspects of the ecology of the Great Lakes may be in 
terms of water quality regulation. The water quality of the Lakes varies with 
ti3»e, and during various times of the ^ear pollutants may be in different" 
jreas of the Lakes. Therefore all the models which ave being derived*, those in 
the biological and chemk:al realm, those in lake circulation,^an^JtSiose in the 
h^drologic realm, nust be combined into operational models using operations - 
research to regulate the Great Lakes. The long-range view of <?hat might 
conceivably ^orae to pass Ihdicates that all thes^ models may be amalgamated 
Into a l.irge scheme which 'will provide, in addition to the current lake-level 
rtgulauon, perhaps a more important regulation's far <is the future of the 
Creat Lakes in terms of water quality. ^ ' * . ^ 
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2. WORKSHOP D^SJtssI-^^^ SKSSio:i 

2.1 Guidelines for Work Crowps - E. J. Aubert . ^ ' 

First of all, I will cooaftnc on the vork group oakeup. Each of these' 
groups has a chalman, a scientific secretary, and various necTbera* I have 
already nentiuned that some noveoent between working groups is desirably. 
Too nuch motion is probably going to be rhaotic; exactly how the line is dravn, 
I leave to' you. The handout natcriaj. *<Appeindix 1) contains a sheet entitled 
Vorkshop Group Menbership. 

In ny introduction this raorning, I nentioned five purposes of the work- * 
sflop that I consider relevant. Whether these ar^all coapatible in one work- 
shop, I as: not sure. The first objective is to Identify future Great Lakes 
environnen'tal rescarcf) initiatives, najor progratas retjuired to provide 

a satisfactor> st^te-of-the-art in environmental siauldtipn and prediction to 
.support the decia^ion process for Great Lakes a*,tlvitie8. This includes predic- 
tion, sinulation, and those experirental spudies nec'essary to support the 
nodding effort as well as the environnental description 

" The second objective is to provide an oppo/tunlty to the Great Lakes 
rcsear«-h -.onnunity to discuss and reconnend future Great Lakes environaental 
reafearch Initiatives. " " 

Third ib to i^onsider possible United States-Canadiat'n joint -research, 
initiatives. ' . 

Fourth is to Identify logical foHow-x)ns to IFTfGL. ' ' 

Fifth i>s to explore the priority environaental restfarch needs of NOAA, 
Viewing NOA>\ operating units as users of environnental information. They 
actually are producers, but you can look at it frop the point of view of 

developing resear«-h products to ba<-kup the operating environnental units. 

> 

The National Weather Servi<_e is one of the major op<rrating units of NOAA, but 
it Is not the only one that waj> considered. Sea Grant and Coastal Zone Manage- 
ment are others. ^\nor Lane, one of the NOAA representatives, could connent 
on this point. He has responsibilities at a program toanagement level in Sea 
Grant, Coastal /done Management, and Project Independence, which, translated 
into everyday language, means energy-envircjinient problems. This is a Departncnt 
of Connierce activity. « ^ ' * 

^he purpose of our plenary/iseSs'ion was to set the perspective foJP work , 
group sessions, and it is perhaps clear that not all of the copies that are 
relevant to some of ♦these work groups have been covered, eithdr by the principal 
speakers, or by' t^ie respondcrs. This gap was brought out clcajrly relative to 
an aperatibnal problen with surface wave prediction, which has not been 
roent toned. The HationaJL Weather Service considers wave prediction to be an , 
ipporCant foreciast problen, and I hope that one of the work groups will discuss 
this. In fact, since National Weather Service people are here, I hope they 
brdjUl^ up su<.h problens. I hope it gets discussed from the point of view of the 
stat^-of-the-art and what future research ncaningful. Wave prediction 
could be included in one or twa workshop sessions. It could be in the. Mater 
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" Moveaents group, vhlrh Ja where it was in IFYGL. Clearly, the action of waves 

is not only related to-the scrcs^^ the lake but also to the condition of the 

laHe. So one oust know soc5ethin^^b5\it the lake thermal structure in ocdcr to 

kn«>v how thft surface^ stress is going to affect waves. Another aspect of surface 

waves concerns the scope of the boundary layer. As I could view the boundary 

layer*, it' includes not only the ataosphere down to and including the top skin 

of the lake butalso^the upper laver of the lake. As Mariano Estoque and others 
» i 
pointej^out, the stress is very nuch dependent* upon the stabili ty conditions. 

The effect that a' certain synoptic situation has on 'the surface waves is very 

nuch dependent upon the lake-atciosphere boundary layc;; and the situatjlon it is 

in relative ^to a synoptic weather situation. Surface waves as a topil fall 

between the Water Movenents and Boundary Layer work groups. If tia^ can 

be found to get together, it would be appropriate to consider this Jointly. I 

suggest that the co-chail^^^en meet on this fopic-tooorrow aorning for an hour 

in joint session. Is that reasonable? Do you have a suggestion? 

Baer. There are two or three other things that I think go ^long vith waves, 

for exaople, storm surges, which present serious practical probleas. Also', I 

hav« not heard ice mentioned. I prcsucie that taost of the ice is caused by cold 

atraosphere. I Just wonder if of that could not go ia one session. " ' ^ 

Csanady . Yes. But you see fron experience with past ^planning sessions in 

IFYGL that, unless you have sonebody representing sc^e of these constituents 

in the work group, there is not going to be ouch significant discussion because 

we do not have the conpetence or the Interest to go liTta these things. . There 

night be aore interest in the atnosplrbric group in waves, but even then I would 

« 

suggest you attack this separately. Waves and the littoral ;!one transport, 
coastal' erosion, and so on^ seem to hang together and require the calling of 
mother group whose pricae interest is in this field and who could make a useful 
'contribution. We could then either say yes or Ignore it, TMs is what 
happened last tine. * 

Au bert . What you all say nakes sense. My point is t^at the work group sessions 
should not be restricted by the scope presented in the plenary sessions. Hov^ 
ever, the workgroup sessions will be limited by the interests and capabilities 
of the people attending. Unless these topics are raised, they*.will not be 
disLUb/>ed« SinA.e there are raore people in the work group sessions than theVe 
'*re people who have made presentations at the plenary session, it will be up 
to this broader mecsbership to bring up these c^her topics. How well •'these 
additional topics get discussed is not known. They nay be inadequately covered, 
Baer. Could you put it all some place so the Interested people would know 
where to go*instead of picking up a little bit all pvcr th<* place? 
Aubert . W« mentioned a few topics, but there are more. You cannot separate , 
them all" I do n'ot think you have a reasonable question* I cannot leave 
this without mentioning something I saw in print frocv Will Pearson; it aust 
h^ve been about 10 years ago, but^is relevant to this mix of purposes for this 



1 



ERIC 



102 



workshop. *! do not know wJiich people in the tsaflne enviroasent try to cross 
siaritic anloals to generate now species i but this guy was trying to cfoss an 
abalono with a crocodile < Somebody puC this together and catD<i out vlth an 
abadlle. Sooebody else put it together and cane out vlth a crocobalone< 
Maybe these purposes are not coapletely coapa tibiae. Be that a^ it aay, we«(« 
would like to achieve the naxlQua possible fron the conpetence that we have 
gathered. The plan Is, chen< that we will reconvene In oUr working group 'neet- 
' ir,^9 at 8:00 p.©. and again in the corning. We, will reconvene here in plenary 
session after lench. * Are, there arjy questions? '/ \ 

- C3dnady « i/hat do you expect in the plenary session? detailed presentatloti 
of what we want to do in J977? ^ ' * 
Aubert . Not what you want to do, but what yoti think are priority r^sea^<^ 
problens. Also sonethlng about how you may go, about it X} you liave done that 
^ nuch discussing. Probleas, I think ^ ought to be defined with soae thought t6 
their relative inportance 'within the scope of your -discussions. While tbi^ 
questions **yii3r have we learned? Whete. to go from here?" Only appeared in tie 
Prof. Mortlner* introductory . pler>ary session thXs oornlng> they apiJly. to all of 
these topics and not just IFYGL* What have ve learned fro© all of the research 
on the Great Lakes? People whb'ard not IFtCI? participants have been lnvit,ed 
to 'this workv^hup, and JMny you have pursued* j^ther Gxreat Lake? research, too. . 
Frua what you underst^nti the need is — and we do have some people here who ought 
to speak up on need, at least froo Chese NCAA groups — what are the ioportant * 
research probleos that ought to be attacked? Include something about how, but - 
you are not going to develop a research plan during the work group sessions'. , . 
Ideally, W6. will cone out with the proper Research questions to be asked and, 
ideally, soae of the objectives one night want to pursue. 

Holland . This Is riot for a FY 'field ptogran? Looking over tiae, what should 
be done during FY 1977: This,, iS for field work that might be ^In 1980, or 
anal/sis of data collected in 1981 or vh.it-ever. 

Aubert « I an looking at it f ron the polr)^ *of view of soaethlng new. I wdul4 
see IFYGL, as a fCrnal program, tenainatlng in 2 to 3 years* .That is as i^r as 
IFYGL goes in the budget process. It will i]o longer be a line^ itea.* Whether 
there are future Great Lakes research Initiatives in'/olve a lot of decisions 
that go higher upc thdn this Laboratory — the budget channel and that sort^of thing. 
Ho ll/and . It could be the start of a 5-year progran? It does not have to be a 
c 1-year program carried out in 1977? ^ 

Aubert . No, I would view this as a najor effort. It could be a 5-year effort. 
If theec are research objectives of lapor.tance, they should be identified. I 
do n^teV^ew the objective of this workshop* as telling our Laboratory in detail 
what ve ought to be doing in the various projects we are now working on. We fUivc 
an on-golng prograa. There ace other con^Jlderations that will go into that. 
I an asking you to- identify a logical follow-on to IFYGL, if there Is one. ^ 
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Jtortlfler. Can you »,iv »s^c thing about the Interagency artangeaents? I believe 
' you had one conferent^e last year. Is therf another Interagency conference 
planned for thld year ^ How are these kinds of prograas In the EPA and the 
Atonic Energy Conalssion going to weld together with the rtOAA effort? 
AuberL^ You are referring to t^e First Fedtral Conference on the Great Lakes 
held here, in Ann Arbor in Dtcenber 1972, This was sponsored by the Interagency 
^ C^lttee on >iarine Svienco and EngineerinR (ICMSE>. Vr . Robert White is the 
♦* cijaircan, ^jnd eauK of tht aajor agent ita oj departments ha'g a representative 
on IQffiE pertaialnfe to the curlne environc^nt in the Great Lakes ► A second 
conference is now in the early planning stage, 

i^rt&er . ,The «cale of Great-Lakes research i<ow calls for interageocy prograos. 
Evea IFYGL was funded by multiple agencies. The bio^logical work was funded 
by EPA, an*d there was fairly Lonsiderable National Science Foutidation funding, 
Aubert . Your quest:ion 3as broad, so I cannot answer it in a few words. A 
• second ICHSE Conference is planned, 

Hpr^lrter . Should we think about interagency programs or about NOAA only? 
*• Aubert . Clearly, there is overlap in the nission of several of the U.S. Federal 
as^ncies pertaining to environmental research, 
a Mortlaer * There are also the principal usera. The EPA is a najor user for 
^dOnitoring ^nd enforcenent, and the Atonic Energy Coraoission is the user for 
power generation and dispersal and fate of radioactive materials. 4 

• Aubert > I guesS the answer is yes. I will tell you what X plan to do relative 
to iixterag«ncy infomation as a result of this conference, itevcould not invite 
nore people; obviously the rooo is full. We did not want to expand the 
objectives and purpose of this neeting invite all the ot^er U.S. agencies 
that have cnvtronnental nisslons and research programs son the Great Lakes 

, bcoause the scope of this workshop woul^ be so broad that we could never get 
4onc,in^a day and a half^ But recognizitig that suggestions night cone out 
tJiat cleatly overl^ip the other agency nission»--namely , fish, pollution, power — 
I will nakc the other Federal agencies aware of^^the results of this. neeting, 
« give then a copy of the proceedings, and explore any ideas that night have some 

• « * interagency nerit wltti then. 
MortiBcr. You want us to think about science and not politics, ^ 
Aubert. t prefer that you do that; and yet consider science fron the point of 
v^ew that it is prbbleta-orifinted, not knowledge for the sake of knowledge, but 

^. ' knowledge tor better nanagement of the Great Lakes. 
Ho r timer . Call it strategic research. 

Hess. should not try to design another IFYGL for another couple of yeirs. 
The cutjor field activity should be raore spread out than that. ^ 
Aubert . That connent cane fron 4 high authority; the situation being what it 
Is, it i* better not to design iit5other IFYGL. 
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Hess^. There will be «oQie 'jrrdngeaenCs about interagency coordination* You are 
asking us what it is, «in<l I do not think either one of us knows right now* 
It would be a vasce of effort to coae up right away with another aajor field 
activity Like IFYGL. Address yourself to the problens, but do not try to 
put theo all Into one big bag to tr>' solve then like chat. Lee's have 
socethlng that is evolutionary. 

Aubert. I did not fully answer your question. Prof. Mortimer, but I think' It 
could cake half an hour. There is a second Greac Lakes conference, sponsored 
by ICMSE, which Is Ir* the prellnlnary planning stage. The dace has not yet been 
set. The firsc planning session took place yescerday and Dr. Bajorunas fron 
our lab attended. The Atonic Energy Cotnnlssioo at Argonne, rhinoi?, has the 
lead. EPA was the lead agency at the earlier conference. -I gather froa 
Dr. Sajorunas that yesterday's neetlnfr did not result in any clear direction 
of where they were going or when. More planning will be necessary to get that 
point, but ICMSE has requested chat another conference be held. Any other 
questions? This session Is adjourned. 
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' 2.2 Recommended research initiatives 

2.2.1 Water Movenents^* C. Cs^nady^ Chalnaan 

This wo~rk group addressed the research Initiative problec under "what*' 
and "hou." Ve have several reconaendAClons under each. 

Our first recoaKendatlon Is that we should fully exploit the present 
(iaCd base. This is, of course, sosethlng we have already agreed upon, but 
nevertheless we would like to put on recqrd the stn^ng suggestion for a broad* 
. based exploitation oL existing data fron IFYCL and earlier Great Lakes studies. 
Ey brOad-based exploitation, we-^tlai^ean to include the interrelation of 
each Individual's work with the work of others. This kind of activity Is * 
only no^^ beginning to start as data becooe widely available. Wc are only 
recently in a position to take -advantage ^f what other peop-le collected during 
IFYGL. Having looked at our own. data, we should now look at everyone^ else's 
t<j exploit then and nak^^whatever scientific advances we can. Also in this • 
categorj^ is the verification of nuaerlcal models, * Models of physical processes 
nust be tested against existing data In a broad kind of way. 

Thti Ti^t point relating to future research is the high priority we >place 
on vork on nearshore-of fshore exchang* processes. A concentrated study of tlce 
and space scales of flows nearshore, and specifically of the structure and 
dynonics of fronts, is required, Hfe interchange of raoaentun, heat, and*T 
pollutants across fronts has t;elevance to research on the Great Lakes as well 
as general oceanography r Thfc'effects and pnraiaeterizat ion of friction 
nearshore are also icip^rtant. Coastal irregularities and their effects on 
.general afcculat ion , the coastal entrapment of materials, and flushing processes 
Hrouni bats, bays,, and prominences all cone under this heading of nearshore,- 
aff shore exchange. ; ' . , . 

the next recojron^ndat ion inr order of priority is a further study of 
large-^cale long-term lake cit;calfition or, if ^ou like^ circulation climatology. 
Winter circulation is oC special Interes: In tftls context. Some field data 
extend..into winter, but most dp not, and, this leaves an important gap ix>^ 
current knowledge. 

Our fourth recpraroendation concerns vertical nixing processes The surface - 
mixed layer xjn<f its interaction with the atmospheric boundary layer, including 
the overturning periods in the fall anS spring, is of considerable practical 
and scientific interest and relates in an important way to the physics of 
turbulent friction In a stratified fluid, . 

Other problems that have been raised here, such 4s wave studies and fore- 
casting, bc-ich erosion, beach raoveraent, and ice movement, should be considered 
by a more fompetent panel. ^ 

Turning n<?w to the "how" of the program, one question isc ''Is' a son-of- 
IFYCL desirable, and^what would be the* scientific purpose of such a program?"' 
Wc agreed that toordination of sclentl^c work would be beneficial. When 
<i nunbcr of investigators worJ; together on physical problems relating to the 
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Great Lakes^, generally spcaklngj nore is likely to come out of a coordinated 
effort than the sura of the parts* There is certainly a favorable point ia 
thinking of a successor to IFVCU Concerning the logistics of such a program, 
the concept of again having a core prograa, with auxiliary programs arifanged 
by individual invtsstigators , is rec<>naaendfcd. The-rore program should provide 
the necessary background body of data such as it did in IFYGL. 

Southern Lake Michigan is a good place frctn our point of vi*w. It is 
scientifically interesting, reasonably simple, and accessible. This choice 
also seems, although we are not the ones to say, to he politically wise. 

As for details' about how to carry oot such a future prograa^ the one ^ 
point we all agreed upon was the need for lorfg-tera, careful planning well in 
advance of field operations. This is*to define clearly the scientific pr*oblems 
to be attacked and to evaluate previous achievements. 

We also discussed instrumentation. If we are going to use instruments 
which are relatively nev, jthey should bt tested and used by the people who are 
going to use them in the field well before a major deployment. In 'any coor- 
dinated program. It is essential to be able to rely on the instruments. In thi 
problem category, wc also talked about using whatever technical achievcmeots 
would be available to us, including satellites, possibly blimps, and any other 
technological Improvements or advances in the state-of-the-art. Although one 
cannot be too 5pecifi*i at this stage, it is desirable to 'develop instruments 
capable of 'profiling temperature and current velocity. Such instruments have 
to be developed, and the whole project has to be attacked well in advance of 
its execution. A number of years are required to develop and test instruments. 
The coastal chain, as a way of looking at the shore zone, has been very useful 
and will no doubt be used again, but it has a fair weather bias and other 
shortcomings. It would be desirable to learn from what we have not been abl6 
to do by this technique # to develop new techniques^ it^is necessary to start 
planning fairly soon even if field work is done in 1980* 

The instrument array in such a core experiment would perhaps be similar 
to^the vone suggested by Ted Green. That is, we would probably have a, central 
array somewhere between Chicago and Milwaukee, if we can agree wfth the other 
groups that this is a desirable area. 
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2.2.2 Aquatic Ecology und Wat^r .Quality - C. Schelske, Chalnaan 

0^^ of the approaches used by this group was to review what had happened 
during IWGL and to discuss what IFYGi provided in the. way 6f understanding 
aquatic biology. There was a dichotomy JjL^QxuL^^rDUp between what the aquatic 

« 

biol;oglsC8 thought was important ^nd what the HOdelers thought was Important. 

I will try to -represent both of those views, buQ, since socae of the modelers 

were not present ac the end of th« session, the modeling; input xiay be limited. 

* What do we feel IFYGL provide^. In fi *ay of. understanding the biological 

processes, the IFYGL program was gtarHP^J^rv^* .oward understanding cliftate 'than 

understanding weather, if we can apply U u t analogy. Coordination needed for 

predictive modeling was lacking, mainly because the biological-cheiaical design 

was added to the original program at a lajLe date. More time was needed for in- 

tera^tlon and development of programs. Good data were obtained from IFYGL, 

but we feel the next step should, be for models that will predict weather and 

not climate. Weather, in this case, is the sum of the processes in the neorshore 

zone, where the frequency of the^ phenomena-Is much greater, and the phenomena 

are more varied than in the open lake. Anochj^ir r^asotf Is that most of . the 

severe manageraent problems are in* the nearshore zon*. The IFYGL design, 

particularly from Che biological point of view, was fairly well restricted to 

the offshore waters. The people who worked nearshore has little help frdfii the 

physical modeling point of view, and that is an essential elemertt for future 

studies. , " ' 

What do w6 do with existing data, IFYGL, as well as other data sets? Five 

points related to this question were identified. 

ft > 
First is the need to identify different existing data sets. This bedscfie^ 

more and more important with the pans^ge of time. As more and more new investi- 
gators cone into the system, th^ need identify sources of data becomes more 
critical. Eventually studies that have be«n iione may tje lost. There are \. v 
ungublished results that should be identified and collected in some organized 
fom. ' ' , 

^Second is the need ^ develop A jie*»JJ;»Jlfd make this type of information 
available investigators. This la loraething people could do without actually 
going i^^and colftctlng data, and it oight be a profitable way to spend noney 
iron the standpoint of government agencies. Many university peopl« have students 
.that would be interested in certain a^p^cts of this prcj^lem. ' ' 

The third point is that funding must be provided for the analysis ot 
these data sets. ^ 

'^Fourth is the need to determine whai kit\i of. biological samples are , 
available that have not been an«ilysed.;*nd whether they have been stored properly. 
Some samples have gone to the Smithsortian Sorting Center, but other fl^iiples may 
eventually be discarded. Ideally there should be a museum that would curate 
safflples, or maybe a Federal laboratory with a museum in i,t that would perform 
this 'function. 



Flfih is Che need fot a continuing effort on ^hc probleros addressed above. 
Thcde problens will < onclnue as long as science, so we oight as well face chem 
now. It nay be .significant that Dr. Beeton, tRio is probably the senior oienber 
in our grou^ fi^ fhe Great Lakes point-of-view, J^elt that this was vsjry irapor- * 
tanc and everyonA ,igr§ed with hia. One of the reasons for naking this, point 
Is chat sopietiraes' Che perspect ive 'of experience is needed to realize the ' 
importance of factoVs sucK^as continuing progroras. 

'* Regard I Jig njw research initiatives, we haji troubU-'wrth specific research 
initiatives, but neatly avoided the issue bv proposing a titlt* for the new 
research initiatives. It is "Biological and Cherai<.al Processes As Influenced 
by Materials Input ind TranspaHr in the Nearshore Zone." I will outline this — 
the wh6re, wh.it, why, and how of these initi-atives . 'Vbere" is, of course, ^' 
defined at> the nearsUore zone. Specific nearsijore zones will be considered 
later. The next question is why we picked this title. One reason already 
mentioned is^that □any^'pr^cticai problens are in the nearshore zone. The scale 
.^nd frequency of neasurenent 5 that would be needed would be a function of the 
specific problem of interest. Sjj^ is difficult to define research objectives 
within 1 day. We know there is a gap; in fact, we night say there is a lack 
of biological and chemical knowledge about the nearshore zone, particularly 
with regard to nodcllng. Available predictive models, as I understand, it, ^ , 
cannot address certain significant problems in the nearshore irea. If thv Is 
not correct, will somebody correctuS." fhfctefore, there is need for infortaation 
of a descriptive' nature and data on signifij^ant processes in the nearshore 
zone prior to mounting large-scale modeling efforts. Finally, how do we do 
this? 

First would be the comparison of ^different nearshore areas either within 
one lake'or between lakes. It is important to find out whether all of the 

\akes behav^- similirlv or whether differences exist, tlie study should be 
designed so the insiiore zone could be ronpared with the offshore ;?one. Any of 
you who have ever beon to a neeclng where the inshore was disrussed know 
questions always arisp as to the distance from shore to the xjffshore waters. 

'These studies should be designed so that offshore stations, will definitely 
represent the op*en lake and therefore assist in defining the boundaries of the 
nears^iore zone for a parfi«ular region. Frora this prugram, offshore water within 
lakes can be compired if more than one nearshore region is sampled, and ii not, 
we' can certainly compare offshore waters .JRipng the lakes that are selected. 
Second, there is a need for coordlnatirti among the aquattc ecologists - 

'and people working with vater dyna;nlcs and water rircalatiorft 

\ yint will we ubtiin fron this extensive stud/ of the nearshore zone? First 
of all, there will be desi riptlve 'knowledge of Che. likes. Prof, ftortiiaer 
chided me for possibly minimizing its Impo^ipncc, but I think all biologists 
rliaiize there Is a need for descriptive knowledge and that there is a gap in 
this area 'for the f;reat. Lakes . We feel that the descriptive p^art*, at lea»t, 
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processes in c^he environnents under study. Although the experiments are not 
defined. It is apparent that there Is need for coordination due to the problems 
of scale. For Instance, to coordinate with p;Eople who are stu^y^ig nearshore 
water transport, we have to be certain the appropriate data can I»e\obtalned for 
the area under study slricje water transport Is a significant Input /or any 
nearshore Dodels as It Is needed for materials transport. Our pwple also felt 
strongly that we should have actual water transport data that were obtained 
while ecological data were being collected, rather than a water transport model. 

Our specific experlnental design is very general, but this Is to be 
expected at such an early stage of a long~teno program. VTe have proposed a 
5-year plan. 1 year for planning, 1 year l^ortf 'feasibility study for testing on 
a limited scale, and 3 years to run the actual experiments. A number of people 
stressed that we need data for more than 1 year. As some of you know, phenomena 
isuch as Hurricane Agnes occur frequently in the Great Lakes, resulting In 
Ityplcal years for ecological purposes, so we need data for more than 1 year. 
; Time is needed for feasibility studies. I, feel strongly,, and I think 
dost of the panel agre§,, that feasibility studies should be carried on until we 
are actually prepared to do the experiments. This may mean, In some cases^ 
that studies never get beyond that point of feasibility. Implying all projects 
shpuld not be continued throughout a funding cycle. That viewpoint could 
reflect a personal bias .on my part. ' • 

It may not be possible to study nore than three sites. 'Four of the five ^ 
Great Lakes have been selected, leaving out Lake Erie. EvenCuiilly one must 
decide whether, for conparatlve purposes, to select one site in each of the 
multiple lakes or to select multiple sites in one lake. Several options for 
sites were discussed. In Lake Ontario thero were two sites' — the Rochester, N.Y. » 
area and the Oswego, ?;.Y., area. Again, the scale of jt\;te study area i& not 
apparent at this point, so possibly one sito could extend from Rochester to 
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Dr. Beeton proposed that we assess the lartd effect as It relates to water « 
quality. He has collected data^frons Beaver Island". This is another way to 
study the nearshorc~by selecting an island site in the nlddle of the lake with , 
clean water and little pollution froa land. ^ 

In Lake Superior, there are two logical study areas. One is the Keweenaw 
current which flow* along the south shore fron the Keweenaw peninsula to 
WhlCefish Bay. It has been ♦recognized' by a nunber of investigators, ^and It is 
a discrete water znss. Then, of course, the area around Ouluth Is^ orfe that has 
been affected by a4n. We also felt there njight be some justification in propos- 
ing a stu^Ty site in Lake Hur5n^ particularly south of Saginaw Bay, since the 
area is being Studied extensively this year as part of the Upper Lakes Reference 
Study. The ongoing work will provide background data, but these studies are 
aided aore toward the open lake than toward the nearshore area. 

A nunber of important iterss were discussed that have not been covered 
yet. I will co;ic*lude by ptesenting a shopping l^st of six or seven iten^. 
' First is the need for high frequency sampling in the nearshore zone. Perhaps, 
^3 nearshore. experinent ciighp last only 3 or 4 weeks, but sampling would be 
intensive during that period. Another way of undertaking high frequency 
sampling, is to study a square aeter of the lake, as Dr. Bi$eton raentioned yester- 
day in his response. , 

Second is the need to develop instruments, particularly instruments for 
continuous monitoring , so that data can be obtained without using a ship to 
• occupy a station. ' *. 0-^ . 

Third is the important problem of pathogens that was outside the competence 
of our group. Pathogenetic organisms are released into Great Lakes waters, but 
Tittle is known about their fate in the environment. Cooperative studies might 
be arranged with agencies who have public health responsibilities; these studies 
could be conducted simultaneously with the proposed program. 

Fourth, a lot of people .were concerned with sedimefit-water interchange, and 
I am- sure> it will come up again today, • ^ ^ 

Fifth, there is a great need not to neglect the study of the atmospheric 
contribution of pollutants, even if we are talking about a localized zone.- The. 
prellnlnary* phosphorus budget for Lake Huron is one-third the nutrient coTitribu- 
tlon from the atmosphere, another third is from the two -majc^r Inputs which are 
- lake Mic>iigan and Lake Super iot^, and ^he final third ib from -Saginaw Bay. This 
Slyes some idea of tbe importance of the atirosphere, and, of course, there are 
also toxlr o'r hazardous materials in atnc.splterlc inputs. 

The final thing which possibly should be stressed is that the t«rro 
"biological £?nd cherl-cal processes" reftrs to studies at every level of. the 
ecosystem, including phytopl mkton , zoopl. rktoA, benthos, fish, and bacteria. 
These processes ' include the Sanction and quc^ntif icatUn of various biological 
eopfonents. Although t^ls observation is apparent to most ^ologists/ we stress 
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♦ It because It nay not be essential for presentations from other groups. We 
have to be concerned with Interactions, not only the biological interatrtions 
but also the chenical interactions, anong these different biological groups. 




2.2.3 Lake-AtfflOSphtTc Interactions - M. Estoque, Chalrnan 

This group interpreted differently fron the two previous work groups what** 
it was suppled to do. , Instead of consideripg general research initiatives, 
neoberji* of the group considered specific problems on lake-air interaction 
processei». This was doqe first by calling upon each aeraber to suggest specific 
problens, A list of the problens was naJe, and then eadh prublen was discussed 
in de'tail in order to define it clearly. Finally, we assigned priorities to 
the problens on the b.isis of socio-economic value, scientific nerit, and 
resourcd (nanpowcr and money) required for solution ^of the problem. ^As expecte4 
when assignifig priorities, each person was plugging for his own suggestion. 
Priorities were assigned by consensus amo;ig aenbers of the group. 

The specific problems which were suggested are sursaarized in tdbl€ 9. The 
first two problem.s corae under the general category of wave studies. Th& first 
itera under wave studies is concerned with the physical processes which are 
responsible for the generation, growth, and breakup of waves. Investigation of 
this item requires observational as well. as analytical studies. The second it^ 
under wave problens i^ the applied problem of wave prediction by serai-enpirical 
techniques. The empirical relationships will be formulated with the aid' of 
pressure distributions or bther^arge-scaje svnopti-^^ descriptive parasjeters 
whrich are observed over the land Surrounding the lakij. The next 'problem 
Concerns the predirtion of Surges. The problem should be- restricted to surges 
whii-h 'Ire induced b^ 3u^5ynoptlc'3cale weather disturbances. The next pi^oblcm 
is tiie, determination ^of the effects Of wast« heat disposal on the quality of 
the environment, in both ai^and ^ater. The next problem is concerned .with 
coastal erosiop--che effects of wind stress and waves of coastal .erosion ^undef 
severe weather ccJnditions. The next problem -involves the prediction of the 
space distribution of ice and the physical ciiarac terist ics of ice on lakes. The 
prediction of I'.e distri^but Ion needs an understanding not only of the physical 

.prupcrt-ies of tlii; i,.e but 'also of the atmospheric condition!^ which tend to break 
up or melt the ice and transport thee in tha lake," The next topic is concerned 

with the evaporation fron the lake;,- this is one of the probletos being studied 
under IFYGL. The problem is the determination of the amount of evaporation 

'from the lake, primarily for the purpose 'of u-^ing it for the analysis of the 
like water budget. Th^Jie is <ttil\ botne question in my mind about how the group 

jWan^ed to approach this problem. I feel that*whnt was intcndc<l was a determi- 
nation of the rate of eviporitlon fron the synoptic condit ions, by empirical 
teilmlques, fhe ne^t^ topic concerns precipit.ition,' also in connection with lakfe 

w irer-btidget cal*. ulations. When it was originally propds^, this probletn was 

to be concerned only with deternlning the amount of precipitation from synoptic 

Observations' by empirical methods. But as tlie discussion pro^rOssed, it 

ft - • 

gradu(ill)'^ evolved ifnto the more complicated problem of calculating precipitation 

by physically modeling the nesoscale disturbance generated by the lake. The next 
' «• 
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fable 9^' Siwrrary of Priori ties Assigned to Various Prohlens 



So'c lo-S<;ononic Required Effort 

Valtic Scientific Merit and Resource 



Waves (Physics) 
Waves (^npirical) 
Surges 

Waste Heat Disposa'l 
Coastal .Erosion 
Xce ■ 

Evaporation 
Precipitation 
Air Pollution « 
Fluxes (Tf M, Q) 
Vertical Structure 
Nearshore Boundary Layer 
Subnesoscale Processes 
LaHe Effect Storns 
Water Pollution Drift 



3' 
1 

2, 

1 

1 

1 

2 

3 

1 

3 

2 

\ 
3 

2 

2 



2 
1 
1 
3 
2 

r3 

1 
•3 

2 
3 
2 
2 
3 
2 
1 



probleta Is concerned with air pollfution, with special eraohasis on the role^i>f 
Jlake-induced air circulation in transporting and disj^ersing pollutants over the 
lake and vicinity. In addition, the problem includes the transport of gaseous 
raaterial from the atmosphere into the, lake. I had not expected this transport 

. to be substantial so was happy to hear from the previous speaker that this 
transport is important. The next topic is concerned with the ^asic problem of 
determining thd fluxes of momentum, heat, and moisture from the ^ake surface. 
Again, this is one of the important problems being investigated under IFifGL, but 
the group ^eels that the IFYGL prdgram will not completely solve this problem. 

^Determination of f^ux<^s during highly unstable conditions, including strong 
winds, and also as a function 9f fetch from the shore will probably not be 
solved by current IFYGL studies. .The group would like analogous studies over 
other lak<». Such studies will show ^hether empirical relationships formulated 
with lake Ontario observations are valid* for othef ^akes. the next problem has 
ta do with the determination of the ❖e^fcical Structure of temperature, moisture, 
artd wind in. the lower planetary' boundary over the lake. This experiment was 
also planned during the IFSfGl field, program, but I 'believe the plans were not 
carried out adequately. The 'nek t problem involves the 'determination of the 
nearshore atmospheric boundary- layer structure. This is important because the 
^horelrlne, which separates the land f^om the lake surface whos.e characteristics 
are sharply contrastl^ng, will produce strong horizontal gradients under 
dif£<irent atmospheric conditions. Therefore, it has been suggested that this 




114 

123 



strtTeture an Importanc consideration in the analysis of diffusion processes, 
especially in relation to the frollution problem. The next prOblcn is concerned 
with eddy transports associated with disturbances of scales fron 1 to 10 ka, 
scales vhich were not observed during IF7GL. As one nay recall, the observa- 
tion Stations during the IFifGL field program were relatively far apart; there- 
fore, it was not possible to observe effects of disturbances of these scales 
in transporting various quantities, such as nomentun, heat, and moisture. The 
next to the last problem is the description and prediction of lake effect , 
storms. Finally, ^he last problem is concerned with pollution of lake surface 
waters.' Although the problem involves the water instead of the air, the group 
fee-ls^ it i-s appropriate for us "to suggest it because the solution depends upon 
an adequate knowledge of lake-air interaction processes. 

After discussing the above problems, we assigned priorities. Three factors 
were consi^dered in assigning priorities. The three factors were the following: 
(1) the socio-econoaic value of the problem; <2) its scientific merit ^ and 
(3) the amouat of effort and resource^ (money and scieft'tific manpower) required 
for condut,ting the' Research needed to solve the problem. Priorities in table 9 
are indicated by numbers fron 1 to 3. In terms of socio-economic and scientific 
\taluesv 1 means 'the highest value. From the point of view of effort and 
resources, 1 indicates the least amount of effort and resources required. 
The highest prioritytprobleci would be that which has a 1 in all tht^e columns. 
But, no problem had 1 in all three columns because, as expected, there is a 
^ tendency for a high rating in socio-economic value to go with a. low rating in 
/^' snefit. It has been suggested that-the table may be used for deter- 

ii J^^iiW^^"^ "8? whether a university, private research organization, or government* 
laboratory is best suited to do a particular problem. The basis for thts 
suggestion is the notion that a university is best suited* for undertaking a 
problem with high .scientific merit (basic research), while a pr iVato^esearch 
organization is best suited for a problem with high socio-economic value 
(applied research), Moreov«r, a government laboratory would be ideal for doing 
a problem which requir^s^ a large amount of effort and resource. For exampie, 
a good problem for a university is one with a rat;tng of 3-1-1; for a private 
research organization, 1-3-i; and for a governneftt laboratory such as dLERL, 1-1-3, 

In concl^ision, the collection of problems which have b^en presented by my ^ 
group looks like a rerun of the pBoun<Jary Layer and the Lake Meteorology programs 
of IFYCL, This similarity did not emerge by design, but rather by chance. *• 



% 



124 




115. r 



2.2.4 Envirotwencal Dynaaics - C. H, Kortiseri Chairman ^ 

The envdroonenCal dynmlcs $roup had, ue believe , one of Che nost difficult 
tasks of all. One of che difficulties was defining what is ceant by <pviron- 
aental dynaalcs. This ue cook Co Include che physical dynasics of uacer, air^^ * 
and solid subscjrace, che dynozolcs of choaical Cransfonnatlons and Cransporcs; 
Che d3maaic8 of biological producCion; and Che InCeracclons between all chese. 
At che saae Clme, alchough we did noc consider Ic in decall, socio-^cononlc' , 
InCeracCions should be kept In nlnd. These caCegorles cov«r aloosc everychlngj 
Perhaps surprisingly, we did coQe up wlch a consensus on a nuaber of poincs, ^' ' 
and alchough ue uere inscrucCcd Co consider science rather Chan policy, aosc of 
Che Chlngs we agreed on are in che policy area. 
We agreed on che following: 

(1) The nearshore zone, defined hydrodynaaically as,lO-> Co IS^ka wide, 

should be Che principal focus for posc-IFYGL Invesclgatlons and oiodeling 
' because chis is Che zone of raaxioua physical acCiviCy, Uaximua cheDil~ 
cal and biological variance, and toaxlmuia human use. 
* (2) The proposed concenCracion of ^leld uork, inscruiaenC arrays, and ^ 
QCtfieling efforcs in che nearshore zone muse noc lose sighc Of Che 
face chaC che physical and biochemical driving forces are developed 
on larger uhole-'basin , drainage basin, and neso-'acmospheric scales. 
(3) Acclve supporC for .analysis of IFYGL daCa should conCinue (and Chis 
was strongly emphasized) for several years to explolc this unique 
base for progress under (2) and to plan the proposed nearshore zone 
study. Including essential modeling tes^jug activities listed belou. 
<A) The distinctive mission of GLERL should be develqpnent of the 

scientific basis and support, uith the appropriate In-house interdis- 
• ^ Clplinary expertise and facilities, for a post-IFYGL effort directed 

to the nearshore zone and for the Great LakeS; nisHidn-orlented ptq- » 
grams or needs of NOAA. 
Among .the »VbAA programs, ue referred specifically to the Sea Grant Program and 
che Coastal Zone T^nagement Program and to interaction V^th the International 
Joint Commission. \^ ^ ' 

The International Joint Commissiort uas specifically mentioned because the 
Research Advisory Board has been very active over the last year or so and has' 
created a. number of standing committees in water quality and physical and 
biological fleld^. The Upper Great Lakes Reference 5tudy ulll be coming to an 
end ulthin the next 2 or' 3 years, and uill be reported upon. If Canadian 
cooperation In, the poSt-IFYGL activity or in other Great Lakes, research activities 
Is to come about, as wdArecQmmend, then the International Joint Cotsaission 
provides a convenient and proper vehicle. Recommendations of the International 
Joint Commission Research Advisory Boards and its standing cooolttees and 
existence of the new International Joint Commission headquarters office in 
Windsor uill facilitate Canadian-United Seates collaboration smoothly and 
'"legally." » 
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Turning oare ipeciflcally to the distinct sai««ion of CLERL, while part of 
its research effort will be directly applied to prohlea solving, the distinctive 
function of CLERL should be deveiopoent of fundaaental undetstanding of natural 
and perturbed systeas througjj: . ' • 

. (1) Observation, experitaent, and oonitoring. * 

(2) Model developnent, verified at each stage by data produced frco new 
and, dt C9urse , existing data banks. 

(3) Soae of the research theaes should be basic, strategic, and long-tena 
in nature, i.e., strategicaU^y eelccCTed to provide research support 
and research output needed by identified users, by other conponents 
of NdAA, and by other agencies involved in environaental D^oageBent 

^ and decisions. . <i - 

(4) The eaphasis should be' on natural science, rather than on social 
science, although we cannot ignore the social and legal aspects 'of 
institutional deSign which will be needed to j>ut sone of the scien- 
tific recooaendattons into effect. ^ 

(5) In the planning and iapleaentation of GLERL programs, including the 

proposed nearshore investigation, cooperative activities should be 

encouraged with the academic cotaaunity, 6ther Federal agencies, and 

* ' ' - < 

research groups, both United States and Canadian — the latter case 

t 

through the International Joint Commission as appropriate. 
Most of our debate ^was concerned not with these points of consensus, but 
rather with examples of activities to be undertaken. The following possible 
activities vithin the GLERL* mission were mentioned: 

(1) Designing a sampling network through a space-time analysis to develop 
*^ phe optimum spacing and frequency required to Understand natural dis- 
tributions and to follow significant trends. 

(2) Assembling and critically reviewing existing and emerging physical, 
chemical, aftd biological data for the purpose of taodel tesiting, model 

» developme^it, and design of effective long-term strategies. This 

would include a critical review designed to detect and analyze the 
significance of long-term trends. 
* (3) Intensively studying Inshore-offshore exchanges and partition of 
» energy. 

(4) Studying the mechanics of upwellirtg and subsequent whole-basin 

responses, generation and decay of ncTarshore currents, and transport 
ot material, nutrients, toxins, and organistas* 
K (5) Standardizing and in ferca lib rating' methods of measufenent and 
analysis. - ' 

Within the framework of increased understanding of relevant physical, 
Biological, and chemical^ mechanisBsuoperajtlng principally in the nearshore zone, 
the scientific basis for action on a number of present or emerging problems 
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was discussed. ^Thesc problera*^ Identified by individual panel ncabers as 
Important, were enfergy nanageaent In the Great Lakes'*, recreational planning 
fo^ the Great. Lakes, natural resource Inventory and utilization, and water 
quality criteria* Under water quality criteria, the following 5ul>t0plc8 
treri proposed by individual panel reobers: chronic subletT^^l effects of 
pollutants pn lake ecosysteas (not enough attendee is beirig given to tfi^ifc 
effects, which probably have Zong-tern significance); -developnent of a, scien- 
tific basis for evaluation, under the present U.S. laws, of tradeoffs between . 
costs, technical feasibility, and the social desirability of zer^ pollution 
input; evaluation of streaa loadings for both nutrients ar^d. toxic substances; 
criteria and techniques for disposal of dredgings, involving wateV quality 
criteria and recreS^onal consideraLions and shore and Ijeach processes^ including 
erosion and material transport. The Ctadaphoz^ pflrobleo w^s also, identified as 
elxtrophlcatlon effect In the Great Lakes of naxlmua public visibility. 



2.2.5 Water Levela and Flowst - D. Meredith, Chalman 

During the workshop, the res&arch objectives and Inforoatlon needs related 
to lake hydrology and r«gulatlon itort Identified. . 

A conceptual hydroloslc^rjodel of the entire Great Lakes systea Is needed 
ttiat will be zesp^n&lve co existing and anticipated user needs. In order to 
move toward this objective, we xecoazen€ the following actions: 

<1) Replace the prescn eiplrlcal r^ilatlonshlps lor cocputmg nonthly 

connecting channel Hows. This should Include the laplcsaentatlun of 
the equation:? of Contlr.Ui.ty and ootlon and a ilne scale required for 
Che devclypcent of an Improved C3n»ieptual nydrologlc raodcl and other 
discipline needs. ' • 

(^) Make siDiuItoneous dlbcliarg^ neasurenents in Ihe connecting channels 

* to callb/ate and Vim the £iodel. ' > 

(3) Investigate the application and adapt-itlon of existing rainfall 

* runoff J snaj aucumulation, and ablation nodels la order lo oeflnu 

I baslA runoff more accuiately. 

(4) Obtain tiie necessary paranetrlc Input data (wind, t^perature, , 
radiation, etc.^ to support a nore ' complete conceptual hydrologlc 
<3odel. 

(5) Extend and refine hydrcloglc nodels to usfi reacte Sensing* date. . 
-(6) Investigate the nagnltude and flux of 'ground water In the system. 

Tne first phase shotild be a' United Investigation to determine Its ^ 
relative order of magnitude. Including bank storage. If i/arranted, 
a full Investigation would require a comprehensive data collection 
and analysis progrjim for use In conceptual models. 
(7y Develop conceptual models of lake Ice Informatloiv, growth, and decay* 
(8) Investigate Ice retardation In the connecting channels and the Impact 
of I'pe. on hydrologlc and coastal zone processes. This will require 
a data base which Includes lake heat budgets, areal Ice distribution, 
and geochenlcal apomprfsltlon. 
The present status of lake regulation, based on trial and error procedures, 
has provea to be Inadequate. For example, both present and proposed regulation 

* plans for Lake Ontario failed last yedr. We recomiaend the use of operations 
research techniques and stochastic Inputs to derive Improved regulation plans 
for the Great Lakes. This will require the following: _ 

.(1) The use of prob*ablllstlc and stochastic models to generate supplies 
to the Lakes, flodels for both lumped and Individual parameters 
should be considered. 

(2) Sensitivity and optiialzatlon-studles coupling the parametric Inputs 
with the constralnta and cl^terla by which the optimum Is defined* 

(3) Irtcluslon of water quality, watfr levels, dynamics, and, other j 

' u i 

environmental effects In regulation criteria. ^ | 
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• 3. PRIORITY RESEARCH LSITUTIVES - E. J. Aubert 

You nay not have had an opportunity to digest everything fully, but this 
. aeision is now open for discussion. One topic for discussion nay be areas of 
overlap between the panels or areas where there are dlffer^yices or agreeaents 
anong the recocnendatlons. Any cooments you have arc appropriate at this tlae. 
Scott . Much was said about the 5hore zone and I think we ought to define It. 
We have to define what It Is along the lines of what Prof. Mortlner was aaylttg. 
I agree with Cliff. It's In quotes right now — "shore zone." 
Chapra . The Aquatic Ecology and Water Quality work group had sooe discussion 
as to vhat was che "shore zone" In terns of its biology and chealstry. I 
would like to point out that It night be defined differently from a physical as 
opposed to a blologftfal or chealcal point of view. This should be kept In nlnd 
when designing a field progran to Insure that the zone Is described with a 
sensitivity to all Inportant perspectives. 

♦ 

Mortlner . What Is wrong with 15 km? . * 

Aubert Does anybody need a shore zone wider than 15 km? 

Scott . I was thinking in terns of a water quality and biological definition 
as well as i physical definition, rather than an arbitrary boundary soncwhere 
beyond the coastal jet. 

Mortimer . What drives the coastal zone biologically, chenically, and physically 
is, o£ course, the whole lake, including the regime of the regional atmosphere 
and the drainage area. Sa I do not think we should regard this nearshore study 
as being geographically defined in that way. I Chink there Is going to be an 
array of observations concentrating in the area of Immediate interest, but 
algo, in sone cases, taking account of* whole-basin motions. 

Scott . 1 agree with the designation tff scale. Maybe 10 km is a little small. 
Mortlner. But we should give some order of magnitude. To some people, the 
sShore zo^ne is the beach zone where the waves break, causing shore erosion and 
transport o£ solids. I would want to go to where the Kelvin waves become 
unimportant, and that Is 10 to 15 km offshore. 
Csanady . I >.think 15 km would be fine. 

Bee ton . In the Aquatic Ecology work group, we thought that we should have 

sampling out Into the open lake,, as Claire Schelske indicated. I do not know 

exactly where that would be. It might be 15, even 20 km, depending upon the 

lake; In order to study the perturbations that occur in the nearshore zone, we 

need reference levels. So if we study processes out in the open lake and the 

same kind t)f thing in the nearshore zone, thSix we night start to get a handle 

on tome of the things that are going on. v« 

Aubert . Several people have referred to the sampling dlagram«proposed by 
— — — jj 

Ted Green. It shows the total lake being monitored, with ^he 8ampl;lng Intensity 
greatest in a particular segment of the nearshore zone. I think several of us 
were looking to that sort of a grid consistent, with what you are saying^ 
Dir. Bee ton. 
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MortiQcIc * . Such A pattern was fdllqwed soocwhat in IFYGL with a conceptratiorf pf 
obscryattons in the Niagara bar, if you recall, but not on this fin^ a scale. 
The question of site has been raised. We did not consider that in th«> Envlro^- 
nental Dynanics work group. The question of Canadian cooperation -has also been 
raised. This is a fairly long-tena planning decision, and unpil we ^et a i^eac- 
tion frora our Canadian colleagues, the question of sit.es has to be' shelved, at 
least for the tine being. 

Aubert . We can exanine alternatives, bat it is certainly premature to aake a 
deci&ion at this point. 

Baer . I want some clarification on the saae question I asked yesterday norning.* 
You said, if at Che end I still Had the question, to ask it again. iV appears 
to ae Chat both the Water Movements and Aquatic Ecology panels are speaking about 
a son-of-IFYGL, a large-scale, massive program to cover a great area. I an 
talking about •things on a smaller scale, not a repetition of IFYGL. 
Aubert . V^y not have the chairmen of those two panels speak to your question. 
Csanady . I think the expression was used, but, «when Che Water Movements group 
got down to details, the experiment turned out to require a relatively concen- 
trated <array. In our nint^, it. is one arrayj and in the Aquatic Ecology group, it 
is several arrays of relatively small dimensions. These arrays are to be 
supported in or^er that they may be put into the broader picture, by lakeward 
measurements of decreasing intensity like the T. Green diagram which seems to be 
a pretty raiich agreed-upon scheme. 

Baer . How would the interactions and cost relate to the original program? 
Csanady . In terns of expense? " 

Baer, In tetros of expense, number of institutions required, and other things 
of this nature. * / 

Csanady . I think the scope would be less than IFYGL, but-that is my feeling. 
From what we have discussed, individual members irfight feel otherwise. 
Schelske . What was the IFYGL costi for instance, the ships, buoys, and this 
sort of thing? ^ 

Aubert . I cannot cite numbers for specific parts of it, but our estimate of the 
total program is something like $30 million betwceja the United States and Canada 
over a 7- to 8- year period, all of which has not been completed yet. A cost 
estimate depends on what is included. That amount was rfot earmarked on the U.S. 
side in a budge't item called IFYGL. A lot of existing resources were directed 
toward this cooperative effort, and I think on the Canadian side the major, in- 
put was the redirection of existing resources. If they had not been workiiig on 
IFYGL, they would have been working on some other Great Lakes activity. Tne 
numbers could ^e added differently! Four or five large vessels were involyed, 
with many supporting ones. [ 
Schelske . You are concerned about the cost. That may be the wrong way to ' 
approach it. Unless it is a fairly large study, the returns may not be 1 
maximized for the amount of money spent. I think we learned «from IFYClp that 
with a large number of people ^forking in the same place utilizing common 
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facilities, we got ^re for our ooney. So^ I think the size of the prograo has 
to be deterained after the requireaents are defined; if it cost $10 nillion, 
it '15 laportant^to find $10 nllllon. With nore planning, one could get a t?ett^ 
handle on the needs. The Aquatic Ecology group felt that this study would not 
be a son-of-IFYGL, but naybe a cousin to it. In terras of working in the Lakes, 
it is entirely different. We' want to study local areas. lEYGL covei-ed a whole 
lake, and the size of the areas that we propose for study oay have been covered 
by only one station in IFYGL. It is an entirely different problem. 
Aubert* . The ponttoring program would undoubtedly be quite different. 
Schftlske. In the kind of prograta we are proposing, there night not be an 
effective way to use the Feseavchet* , 

Baer . The point I wanted clarified was, what is the ultimate scale of research? 
I was not tr)4iag to $lnd whether it should ^e big .or little at this stage. I 
was trying to determine your , recommended optimum scale. Finances, people, and 
dollars all amount to tho^ same thing at this stage. 

Aubert . I think It could be put into » range between 0.1 and 1.0 of IFYGL. 

■ " "' ' ^ t ^ 

The scale must be slgnif i(iant* The required data acquisition systems are not 
such that one could dip a thermometer in the lake and expect to come back with 
useful data. It will require Instrument development. The discussions deferred 
to nore thfn 1 year of 'monitoring— 3 'years of monitoring. IFYGL had primarily 
1 year. The distribution of -monitoring stations would be altogether different 
so that the types of systems that might be deployed would have both slQllarities 
and differences, the time scale of monitoring also would probably be different* 
Holland . The program^ will be of the pilot type through the second year, with 
field ^work for' 3 more years. You are going^to need time to cofiiplete the 
processing and analysis of the data, so it will not be a 5'year program. It might 
be a 7- to 8-year program. Even with good advance planning and quick turn- 
around of the data processing, it still takes time to ^digest, analyze, interpret, 
and integrate. Another point is that we have not reviewed ongoing programs, and 
I would hate to see the implication left that, if one major thrust is IdentfTled ^ 
for high ifriority, it consumes all the effort so that Essentially nothing else 
gets done during tjiis tine.' We have not addressed this question, but I think 
our assumption is that other efforts on the whole latere or in the middle of the 
lake or other problems will be taken on their «ei^rits and not swallowed up by 
this program. This is a new initiative over and above other things that may 
be ongoing. 

Aubert . Prof. Mortimer can speak to this latter point because. thp Environmental 
Dynamics panel discussed this question from the point of view of whether ve 
are talking about single-^agency funding, multiagency, commercial, or a host 
of other potential sources of funding. 

Mortimer . Speaking for myself, I am sure that people responsible^. for university 
programs' would be willing to modify them in order to participate in a program 
of this kind. There would be nothing moqe Important that we could do for the 
Great Lakes than participate. The question of other agencies needf consideration. 
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Our panel did not review chat natter because it would be getting into politics. * 
There are, for example, two other agencies developing missions on LaVe Michigan, 
and i.t vould be sensible planning t(> find out they ar^ doing and, where, 

possible, to fuse the work togethdc. I not a f iary. proponent of large-scale 
scianee", but in projects of thi? kind ,* particularly if we have Canadian coop- 
eration, we can do soaething better* together than we could do it separately. 
Most people would have a great interest in participating and would drop every- 
thing they are doing for those years.' The availability of funding woul^ it the 
key as well as the availability of research vessels which are expensive. We 
do not need another Reae^rch^v, particularly if it is only going to work days 
a week as it did in IFYGL. 

Schelske . I want to reenpiiasize that the proposed biological program is one 
that would be inportant from the practical point of view. Again efforts have 
to" be coni,entrated in the nearshore zone where there are tributary inputs, 
mupicipal water intakes, and a whole range -of ecological and sociological problems 
We need to know about &hort-term response as weli as Iqng^term 'response. 
Aubert . Many of t^e topics that Clifford Mortimer mentioned from the Environ- 
mental Dynamics panel are obviously lonfe tern. IfYGL was a project with a 
planhed start and end. This Laboratory has a' long-term mission whigh is not 
of 3^ project duration, although 1 cannot say what the duration nay be. The focus 
of this workshop was placed on a next major initiative in the Great Lakes. There 
appeals to be unanimity for this focus to be concentrated in the nearshore. 
Many^f the activities that have been mentioned are of a longer duration than 
5 to 7 years; they are decades. We cannot wait th^it long to produce useful 
answers, but neither can we work simultaneously on all of these problems. Some 
sort of a priority listing must be established. If at'some future time the 
priority shifts or when some are finished, the lis't can be modified. WorK can 
only be done on problems aC^the top of the priority list. Another p&int is 
that the activities include topics that do not all coae under a single project 
sttucture. , ^ • 

Csanady . In connection with either a long-term or* a aliort-term approach, I 
want to call attention to a common failing of these programs. When people come 
ip.to them and have to design a program on Short lead time, an early d'ecision 
is often made that state-of-the-art instrumentation will be used instead of 
trying to ^olve the problem the^^st possible way. Let's take things off the 
shelf ^ put them in the lake, and see what we get. This works' sometimes, but ^ 
it would m]ake much more sense to allow enough time to develop the most sophisti- 
cated instrumentation techniques this age is capable of. 

■c * 

Aubert . The Water Movements' panel report alluded to that. This means more lead 
time is required before deployment of any new major ♦instrumentation or data 
collection system. . » 

Beetpn . I do not see how NOAA can develop an effective program in the, Great 
Lake« without ^getting a handle on what is going on in the nearshore zone 90 
that you can logically plan a longer term program. It would be very wise, 
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whether you all It o 8.nail XfTfCL or soaethlng eise, to have a project like this 
with one spin-off being the definition cf the long-tena prograc^ that you should 
begin developing. 

Slofs. It seeiss then that one of the first priorities would be to define what 
is tMe nearshore zone for a particular process^ Soae of then nay extend farther 
out than others, and it would be a logical type of pilot study to see just what 
kind of an area must be looked at.. 

Scott . We. have now Heard the individual groups, but not too many people "float- 
ed" between thens »as vas planned. Soae nechanisn should perhaps be developed 
where the right scales are used for the processes that were mentioned. ' I talked 
to D^n McNaught and Fred Lee and they^coaplafned that the wrong scales were 
used., the first station was put 1 ka^from sliore; a, lot more detail was needed 
near the shore. If the physical people set up a station pattern without con- 
sulting other interested parties, as was apparently done in fooe cases In ITtGL, 
I think we are again miking a nistake." Maybe GLERL will be the mechanism for 
thl« needed intergroup cooperation. . • 

Birchfield. I am not sure how this applies to all of the panels^ but it seems 
to me that one taust always make a conscious effort to make planning more than 
slnple Instrument development. The tendency ii) tFYGL was to do only the latter. 
M sotneone mentioned yesterday, the Mid-Oceart Dynamic Experiment had a workshop 
lasting an entire summer in which to/develop dynamical models that would act. 
as a fpcal point for ideas on how to, gather the observations for that' experiment . 
It seeiPs to me that, since the focus is on the coastal zone here, some sort oSr 
development of dynamical models should be started- right away in that a^ea, for 
example f numerical Models . There is none now. 

Aubert. This could be lumped under experimental design, I presume. 
Monafian . To dovit a llttljb more evenhandedly, I think evolution of the models 
should go hand-in-hand with the evolution of the instrumentation, and needless 
to ^ay, both of them should precede the actual field data collection. 
Aubert. , Instrument development and numerical model development both need to 
come early in ordftr to be available whei^ they are needed. . ^ 

Csanady - The way they'ljtandled it in the Mid-Ocean Dynamic Experiment was vith 
a scientific council. Maybe you should establish such a council if you decide 
this Laboratory will support such an effort. One good and relatively cheap way 
to start is to set up a scientific council artd maybe have a workshop. 
Aubert . That is a mechanism that should certainly be considered. 
Comment . I think we need a more specific mechanism to learn about the IFYGL 
results. No one has mentioned How they are going to feed info any of this 
activity. What are the plans for scientific discussion of IFYGL results? 
Aubert. I think what we are talking ^'about here,i« more of a scientist-to- 
^ scientist interaction. I will comment as to wl^at now exists. The IFYGL pro- 
gram is divided into panels. Lloyd Richards is the Canadian co-chairman and I 
am the United States co-chalYman of the Joint Management Team. 'We are meeting 
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the latter part of thin month to tovlew the status of the outlines for the 
final Intermtioml S^ientifio Reports froo each IFYGL. panel, which should be 
published within the next 1 to 3 years, then to identify potential delays, 
and finally to reaolve these delays to insure that the Scientific R&ports are 
prepared*. That perhaps is a narrow objective from tfie ovei^all point of view, 
but these reports are considered to be the final XFYGL product. The Inter- 
national Jjiontifio Reports will suinmariase all of the hundreds of artiqles and 
reports that will have been published in scientific journals and tho. report* 
of various agen(;les and institutions. The scientist-'to-^cfentist interaction 
in the XFYGL plan isewithin the panels, with the panel co-chairmen defining 
and producing the scientific reports. Lloy_d„ Richards and I have to insure that 
workable plans are developed=>by the panel Co-chairmen consistent with all of 
the confllcoting consttraints ftom other programs. What you are suggesting jgoes 
beyond our plans. * * , 

Caanady . One problem, in IFYGL was cross-panel communications. Those panels 

have largo walls around them* ' • * 

Aubert . Cross-panel meetings need a defined context. Lloyd Richards and I are 

pashing from the context of the International Scientific %port series, the 

pro*duct wtiich will. wrap up IFYGL in 3 yea^s. We believe it is important, and 

If we do not give it continuing attention, It will never ha/pen. ^ 

Mortimer . Another product should be a data catalog. 

Aubort . That is already included In the plan. People are working on It. It 
is just a matter of time before the archive will be generated ^and an archive 
catalog^ will be available. 

Mortimer . I think there should be a final workshop meeting someday, perhaps at 
the Same time as an lAGLR conference. A whole day can be spent on IFYGL wrap- 
up. It would be helpful in about 2 years time.,-, 

Aubert . An IFYGL symposium was held last April in Washington at the American 
Geophysical Union meeting. We had h day and 11 invited papers. At the lAGLR 
conference in August 1974', IFYGL had 54 individual presentations. More papers 
were submitted, I think. Most of Chese papers will be in a special proceedings 
due to be published in the spring of 1975, but that stil,l is not the interaction 
you arc talking pf. Somebody gives a^ formal presentation followed by a minute 
of discission. Of course, one can then seek the individual out for personal 
interaction. Do you have something to suggest? 

Comment. One thing that would be helpful would be for someone to write a review 
paper on all the publications. 

Aubert . One of the f tna'> IntornatConuil Soientifia Reports will be an overview 
*of IFYGL. tloyd Richards and I are listed asyCo-authors , but we may get help. 
This final International Scientific Report will not be published for 3 years. 
Csanady . Another point that- I already raised in a group meeting wafi that, when 
you get these data availability catalogs, it would be helpful if an individual 
set of data was called something other than GS1500 235MB. 
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Aubert. If you t«nnot learn, the systen, you will have to ask for assistance 
£roQ an expert. « 

Holland ♦ You do not have to Idii^n^e system; just take the listing, iind 
•rffaat you want^in it, and ask for it. The filing system oust have some such 
methodical labeling System, and you have to give the person who works->in thei 
files the ident£-f ication he needs to retrieve the item you want. Ke had a 
catalog.- if you give hin the name, he has to look up the rjupter. 
Schelske. Before the meeting breaks up, there is one thing^I would like to aake 
a statement on. I am a little concerned about some of the items that appear on 
this list, in particular, zero pollution discharge. That has broad implications. 
A lot of people have worked very hard to get that kind of law on the books. We 
also talk about energy management. These are almost philosophical questions. 
If we ajre going to do that, It is fine with me, but I think we also bught to 
extend that list and include items like no-growth policies and jsero popujtation 
.gqjwth. All those are related. There have been tremendoys advances in t«rms 
of controlling pollution from this one law on zero pollution discharge, and if 
we now say tUis is a scientific question that has to be studied, that is, 
obvious. But on the other hand, we. are making dn issue out of something that is 
almo;5t philosophical. 
^ Aubert . I think a rebuttal ifrom the Environmental Dynamics panel chairman is 
needed, here. " ' ' ' V" 

Mortimer. These are examples of pressing national questions or questions some 
way dpwn the road for which this Laboratory will provide part of the scientific 
basis for rational decisions. I think the important thing to stress here is 
that the Laboratory should not express opinions on environmental politics, but *. 
should provide a sound scientific basis for rational decisions, if such^are 
possible. The zero pollution law, as defined, involves a decision, or so I am 
informed by a, panel member, on what is socially desirable and what is techni- 
cally practical. There will be tradeoffs between zero pollution, which is, 
of course, unattainable because you have. diffuse sources as well as point 
I sources, and what Is socially desirable. For wise decisions on pollution 
' -control, or wise decisions on the use of the Great Lakes as heat sinks, 

a sound scientific basis is needed. These poir^ts were raised by the panel oqly 
a9 examples of questions for which a sound scientific basis is badly needed. 
Schelske . 1 would agree with that', but ray criticism then is, why do you dis- 
regard zero^population growth? 

Mortimer . Because no panel neraber raised that particular question. 
Aubert . Tliank you for attending this workshop. I hope you got as much out of 
it as, we did. All who attended will get a copy of the transcribed tapes after 
review by the principal speakers and responders. 
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